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‘ PREFACE ,

This volume includes plans and events known to the authors through January 1987. Compilation
of the information began in 1967, concurrent with a period of major expansion of facilities and
personnel at the National Space Science Data Center (NSSDC). As noted in the acknowledgments,
there have been ten primary contributors. The satellite information is recorded in an Automated
Information Management (AIM) system, which was initiated at NSSDC in 1967. It is a tool that
has proved extremely useful for maintaining, revising, and reproducing this satellite and experi-
ment information. A large portion of this volume consists of selected extracts from this AIM file.

This revision of the compendium includes new and updated material on satellites and experiments,
a rearrangement of materials, pagination, and indexing which is more amenable to updating, and a
different approach to preparation of the bibliography. It includes summary information on
programs of all nations sponsoring meteorological experiments. Punching for a standard three-
ring notebook has been provided to simplify the addition of material to keep the information up to

date.
m . r
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c Explanatory Notes

This publication evolved from work accomplished primarily by the authors and meteorologists
noted in Acknowledgments while assigned to the National Space Science Data Center (NSSDC),
located at NASA/Goddard Space Fight Center (GSFC), Greenbelt, Maryland. This document is
intended to serve two purposes:

. As a historical record of all satellites and instrumentation that has been useful for meteoro-
logical research or operational uses

. As a working document to be used to assist meteorologists in identifying meteorological
satellites, locating data from these satellites, and understanding experiment operation which is %
related to satellite data that may be of interest to them

The material presented in this document was compiled from documents by, and from personal
interviews with, those directly involved with the various meteorological satellite programs.

Frequently, source material pertaining to spacecraft included in this document was obtained from a

‘ wide variety of publications that were sometimes vague or conflicting. Some judgment was
required to evaluate these sources in order to be technically consistent. It is felt that the information
appearing here represents the most accurate and comprehensive unclassified collection of
information about meteorological satellite experiments available at this time. Every effort was
made to ensure the accuracy and completeness of all information presented; nevertheless,
corrections to, and suggestions for, improvements in this document are solicited.

Summary information of all * ~own launched satellites for all countries and their experiments,
which were concerned with meteorological operations or research, are included. On reviewing the
numbers of satellites and experiments noted in Table 1, bear in mind that experiment definition is
often somewhat ambiguous. This is because several sensors may constitute one instrument, an
instrument may be operated in any of several modes to obtain different kinds of data, the ,
instrument function may be operational or truly experimental--or a combination of operational and r
experimental--and it is possible for several instruments to be involved in one experiment. In spite
of these complications, the experiments (or instruments) counted in Table 1 are intended to be
analogous to those experiments described in the text. For these reasons, it is not advisable to
compare these numbers with similar experiment enumerations in other references without first
¢, understanding and accounting for differences in the definition of an experiment.
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PROGRAM

AEM
Apollo
ATS
Bhaskara

Cosmos$

Discoverer
DMSP
DOD (other)
DODGE
EOLE

ERBE
ESSA
Explorer
Gemini
GMS

GOES/SMS
INSAT

IRS
Landsat
Mercury

Meteor 1
Meteor 2%
Meteosat
Molniya
MOS

Nimbus

NOAA (1-5)/ITOS
NOAA (6,7,
NOAA (8-10, H-J)/ATN

Salyut

TABLE 1

SUMMARY OF METEOROLOGICAL SPACE PROGRAMS,

SATELLITES, AND EXPERIMENTS

SATELLITES* EXPERIMENTS
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The number of different experiments for each program is shown followed by the total number of
experiments in parentheses. This accounts for experiments which are duplicative or nearly duplicative, but
on different spacecraft.

Lack of complete information.
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TABLE 1

SUMMARY OF METEOROLOGICAL SATELLITE PROGRAMS,
SATELLITES, AND EXPERIMENTS (concluded)

PRGGRAM SATELLITES" EXPERIMENTS' COUNTK ,
Seasat 1 5 (5 U.S.
Shuttle I 6 5 (10) U.S.
Shuttle Il: Spacelab 1 2 (2 U.S.
Skylab 1 5 (5 U.S.
Soyuz 19 1 (19) U.S.S.R
TIROS 10 5 (20) U.S.
TOPEX 1 1 ) U.S.
Vanguard 1 1 (1) U.S.
Voskhod 2 1 U.S.S.R.
Vostok 5 1 (5 U.S.S.R.
n _4 14 USSR
Total 41 304 >143(>470) >6




Note that the words "experiment" and "instrument” are uscd interchangeably in the following text.
Also note that there are experiment descriptions that are more closely related to aeronomy. Some
of the aeronomy experiments included observed atmospheric aerosols, sun and earth radiation, and
other parameters designed for climate studies. Such experiments are included in the primary text
only if they have readily apparent applizations to meteorological forecasting and research related to
understanding the atmospheric circulations on time scales shorter than a few weeks.

The major portion of this volume consists of the space program, satellite, and experiment
descriptions in Section II. This section is arranged alpha. _ticzlly by program common name and
paginated only within each program. It is hoped that this scheme will provide a sirnple means of
indexing, while also allowing the addition of updating material without disturbing the fundamental
organization of the material.

At the beginning of each program in Section I, there is a brief program description iniended to
highlight the similarities and differences between satellites and experiments in that program. It is
also intended to provide soine perspective on the nonmeteorological aspects (if any) of that pro-
gram, and on interrelations with other programs. Following each program description are the
satellite and experiment descriptions. Within each program, satellites are arranged in order of their
chronology of launch date (or planned launch date); experiments follow the appropriate satellite and
are ordered alphabetically by the principal experimenter's last name.

Some of the experiment and satellite descriptions are quite duplicative, especially in the case of
operational satellites in the same program, because there often is considerable duplication in the
satellite and experiment design. In several programs, there is very little information available about
the specific equipment, or differences in equipment, on different satellites in the program. In both
instances, we have often replaced duplicative experiment and/or satellite descriptions with tabular
listings and included at least a sample of the known descriptive information in the program
description. This occurs primarily with some U.S.S.R. programs, with operational programs, and
with the manned programs.

Appendix A in Section III lists all known proposed and planned satellites that are directly related to
or have some application to meteorology. Due to lack of information and/or human resources, no
intensive effort was made to provide descriptions of these future launches. Certain words,
phrases, and acronyms used in this volume are defined in Appendixes B and C, respectively. For
convenient access to records of interest, three sets of indexes are included in Appendix D.
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All satellites have been known by more than one identification. A common scheme is to use a
name and a letter (e.g., TIROS-A) for a ptelaunc.a identifier, and the same name and a number for
the postlaunch identifier (e.g., TIROS 1). For a variety of reasons, the letters and numbers often
do not correspond (e.g., ITOS-B became NOAA 1). We have selected what we believe are the
most commonly used identifiers for the satellites and satellite programs for primary indexing use
heve. Other known identifiers are listed in the indexes to provide some cross-reference.

There are only two standard and complete satellite identifiers (each including all satellites) in use,
but unfortunately they have not proved very popular. This is due in part to the fact that thcy are not
assigned until after the successful launch. The most used identifier is one established by the
Committee for Space Research (CCSPAR), a subordinate unit of the International Council of
Scientific Unions (ICSU). Used in all NSSDC records, this identifier consists of the ycar of
launch, the serially assigned number of the launch during that year, and a letter designating the
various spacecraft resulting from that launch. Thus, 1967-008B designated the second satellite (B)
resulting from the eighth successful launch during 1967. The NSSDC standard identifier used {or
their records is a modification of the COSPAR identifier. The leading 19 is omitted, and a ¢~rial
experiment number and data set letter are appended (e.g., 66-008B-03F) as needed. Note that
prior to 1963 a Greek letter was used instead of the launch serial number, followed by a number.
NSSDC has renumbered these early satellites in accordance with the standurd identifier. This
NSSDC identifier is used in all indexes and references to spacecraft throughout the volume.

The other identifier, the "NORAD object number" (or more commonly known as just "object
aumber") is a 5-digit serial number assignment made by the North American Defense (NORAD)
satellite tracking facility. These are assigned when, and in the order of when, the tracking facility
first identifies the satellite. These numbers are in commion use primarily for Department of Defense
(DQOD) satellites that are initially classified, and then subsequently have unclassified or declassified
results published in the literature. Some "object numbers" are included in the spacecraft brief
descriptions.

Orbital parameters provided are approximate, with epoch date usually 2 few days after launch. The
parameters given here are intended only to provide a crude description of the satellite path. They
show considerable variation with time as expected, and also with resource of information. Two
primary sources are the NORAD and the NASA tracking faciliaes.




Bibliography

For many reasons, no bibliography is included here. The primary reasons are that it would be very
lengthy, would soon be out-of-date, and would require considerable additional effort, resulting in
further delay of this publication. It is suggested that library machine listings, such as the NASA
Scientific and Technical Information Facility (STIF) aud the NSSDC Technical Reference File
(TRF), be used to search for desired material. Combinations of satellite program name and any of
several words related to meteorology need to be used to reduce the bibliography listings to man-
ageable size. When listings of reasonable size cannot be obtained in this way, a manual scan of
titles will usually eliminate items unlikely to be of use.

Ristorical Notes

The ability to obtain images of the earth from artificial earth satellites is the culmination of many
years of various attempts by man to increase his perspective of the world in which he lives. The
first high-level photography (beyond that of climbing high towers or mountains) was accomplished
by a noted French photographer, Gaspard F. Tournachon, who began photographic balloon
ascents over Paris in 1858. The value of the increased visual coverage was quickly realized, and
several countries used balloons for military reconnaissance during the remaining years of the nine-
teenth century.

The first few years of the twentieth century saw balloons equipped with panoramic cameras
ascending to heights of several thousand teet. Balloons were soon followed by rockets and
airplanes that served as platforms for nigh-altitude photography. In 1905 Alfred Maul (Germary)
began firing solid-propellant rockets equipped with cameras, and by 1912 photographs were being
obtained from heights of 0.8 km.

The outbreak of World War I and the rising popularity of the airplane as a reconnaissance platform,
in addition to its use as a combat vehicle, caused the work with rockets to slow down considerably.
Balloons, however, continued to be used as reconnaissance platforms.

In the years following World War I, balloons were designed to attain even greater heights. In
1935 Albert Stevens took the first photograph showing the curvarure of the earth from the National
Geographic Society Explorer 2 balloon at an altitude of 22 km. The onset of World War 11,
however, brought the use of high-altitude balloon flighis to a virtual standstill.




During World War II, a German group working at Peenemunde applied the pioneering work of
Konstantin Tsiolkovsky, Hermann Oberth, and Robert H. Goddard to produce the V-2 rocket.
This event revolutionized the technology of high-altitude probes and, in the post-war years, greatly
extended the heights from which photographs could be obtained.

The study of the atmosphere and its weather systems from high altitudes began in earnest after
World War II. During the late 1940's and early 1950's, many modified versions of captured
German V-2 rockets equipped with cameras were launched from White Sands, New Mexico. In
1947 the first successful photographs of a large expanse of cloud cover were taken froma V-2
rocket at altitudes between 110 and 165 km. Many additional photographs were soon obtained
from outside the atmosphere by V-2's, Viking rockets, Aerobee rockets, and various military
ballistic missiles equipped with cameras. (See Table 2.)

Such flights demonstrated the feasibility and value of high-altitude photography for making
synoptic observations of cloud systems and storms that would not have been detected by
conventional ground-based observing networks. The desire for increased coverage established the
need for a more permanent high-altitude monitoring platform, i.e., the meteorological satellite. The
initial research-and-development satellites very quickly paved the way for the low-altitude, sun-
synchronous? satellites. Continued development of technology paved thic way for the earth-
synchronous? satellites. They now provide high-resolution imagery for many purposes from an
altitude of about 36,000 km above the equator. At present, both low- and high-altitude satellites
work together on a global basis to provide useful information to the weather services of many
nations.

The 1981 launch of NASA's firsi Space Transportation System, more commonly known as the
Space Shuttle, marked a new era 6{ manned space exploration. The Shuttle and the Spacelab (a
joint venture with European countries) have contributed significantly to meteorological research.
Instruments to be flown on operational weather satellites have been calibrated, and these earth

1  Sun-synchronous: With satellite orbit inclinations between 105 deg and 180 deg and an appropriate
altitude between 185 km and 5900 km, a satellite orbit will move in the same direction and rate as the
earth’s rotation, i.e., 15 deg longitude per hour. For such an orbit, obscrvations of the earth during
each half orbit will be at the same solar time, since the position of the satellite (for any given latitude)
will appear, to an earth observer, fixed relative to the sun.

2 Earth-synchronous: With satcllite altitudes near 37,000 km, the satellite orbit will move in the same
dircction and rate as the carth's revolution about the sun, i.e., 360 deg per year. For such an orbit,
observations of the earth are continuous over the same general longitudinal region of the earth. In the
case with orbit inclination of zero, the satellite will appear to hover over a fixed equatorial longitude.




#

TABLE 2
EARTH PHOTOGRAPHY FROM EARLY ROCKETS

ROCKET ROCKET LAUNCH SPONSORING
FLIGHTS TYPE SITE t AGENCY'
NSSDC Rocket ID
(RYYMM-DDSS)*
R4610-2401 V-2 WSMR APL
R4612-0501 V-2 WSMR NRL
R4702-2001 V-2 WSMR ARDC
R4703-0701 V-2 WSMR NRL
R4704-0101 V-2 WSMR APL
R4704-0901 V-2 WSMR APL
R4705-1501 V-2 WSMR NRL
R4707-2901 V-2 WSMR APL
R4712-0801 V-2 WSMR ARDC
R4805-2701 V-2 WSMR APL
R4807-2601 Acrobee WSMR APL
R4807-2602 V-2 WSMR APL
R4808-0501 V-2 WSMR NRL
R4901-2801 V-2 WSMR NRL
R4902-1701 V-2 WSMR APL
R4903-2204 V-2 WSMR ARDC
R4905-0301 Viking WSMR NRL
R4906-1402 V-2 WSMR ARDC
R4909-0601 V-2 WSMR NRL
R4912-0201 Aecrobee WSMR ARDC
K5002-0901 Viking WSMR NRL
R5010-1201 Aerobee WSMR ARDC
R5011-2101 Viking WSMR NRL
R5102-0601 Aerobee WSMR APL
R5107-2501 Aerobee WSMR ARDC
R5205-2001 V-2 WSMR SCEL
R5212-1501 Viking WSMR NRL
R5405-2401 Viking 11 WSMR INRL
R5502-0401 Viking 12 WSMR NRL
R6010-0521 Unknown Ft. Churchill GSFC
R6012-1901 Mercury Atlas CPKF NASA/MSC
R6105-0502 Mercury Atlas CPKF NASA/MSC
* R = Rocket file designator

YY = ycarof launch

MM = month of launch

DD = day of launch

SS = scquence number

t Sce Appendix B: Abbreviations and Acronyms
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observation capabilities will be expanded when NASA and the National Oceanic and Atmospheric
Administration (NOAA) collaborate on the Space Station polar platform activities during the
1990's. Observations will be made in high-altitude, sun-synchronous polar orbits to view the
entire planet. Instruments such as medium-resolution imaging radiometer, infrared sounder, and
microwave sounder are being planned for these programs.
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APPLICATIONS EXPLORER MISSION (AEM) PROGRAM

The Applications Explorer Mission (AEM) spacecraft were relatively low-cost spacecraft built to
meet individual particular space observation needs regarding the earth and its atmosphere. Three
satellites have been launched since April 1978: (1) AEM-A, the Heat Capacity Mapping Mission
(HCMM); (2) AEM-B, the Stratospheric Aerosol Gas Experiment (SAGE); and (3) AEM-C, the
Magnetic Field Satellite (Magsat). A fourth satellite, the Earth Radiation Budget Satellite (ERBS),
was originally designated as AEM-D but is no longer part of the program. Each of the three
launched spacecraft carried only one instrument. Although each was designed for 1 year of life,
HCMM operated between April 1978 and September 1980, and SAGE remained in operation for
2 1/2 years, from May 1979 to November 1981. Since Magsat did riot produce any meteor-
ological data, it is not discussed here.

The pri:nary purpose of the HCMM mission was to estimate the thermal inertia of the earth's surface

at the time of daily maximum and minimum temperatures. The spacecraft was launched into a 620-km
circular, sun-synchronous orbit, covering the areas between 85 deg N and 85 deg S. The instrument,
the Heat Capacity Mapping Radiometer (HCMR), operated in visible to (0.5 to 6.micrometers) and IR
(10.5 to 12.5 micrometers) channels. The radiometer had a scan angle of 60 deg to produce a swath
width of 720 km with a ground resolution of 500 m for the reflectance channel, and of 600 m for the IR
channel.

It acquired data from both channels during the day and only thermal infrared data during the night.
Although the HCMM mission was designed for earth resource studies, the derived apparent
albedos, earth surface temperatures, and snow cover can be used for meteorological studies. The
disadvantage of the HCMM data was that the spacecraft did not possess an onboard tape recorder
system. Only data within the receiving range of ground stations were collected, mainly in North
America (including Alaska), Europe, and eastern Australia.

The main objective of SAGE was to determine the global distribution of stratospheric aerosols and
ozone from 79 deg S to 79 deg N. The spacecraft was launched into a 55-deg-inclined, 600-km
circular orbit. The onboard SAGE experiment measured the extinction coefficients of the solar
wavelengths (0.38, 0.45, 0.6, and 1.0 micrometer) through the earth's atmosphere during
spacecraft sunset and sunrise. Earlier models of the sensor were flown on the Apollo/Soyuz Test
Project in 1975 and the Nimbus 7 in 1978. The data are used toward a better understanding of the
role of aerosols and ozone in the radiation balance of the earth's environment on a global scale.
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Both HCMM and SAGE suffered power problems because of early deterioration of the batteries.
Data are available from NSSDC.
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SPACECRAFT COMMON NAME- HCMM

ALTERNATE NAMES~ SATS. APPL EXPL MISSION A
HEAT CAPACITY MAP MSN, AEM-A
10818

NSSDC 1D~ 78-041A

LAUNCH DATE- 04/26/78

LAUNCH SITE~ VANDENBERG AFB, UNITED STATES
LAUNCH VEHICLE- SCOUT-F

SPONSORING COUNTRY/AGENCY
UNITED STAYES NASA-0STA

HEIGHT- 117. K6

INITIAL ORBIT PARAMETERS
ORBIT TYPE- GEOCENTRIC
ORBIT PERIOD- 96,7 MIN

EPOCH DATE- 04/27/78
INCLINATION- 97.6 DEG

PERIAPS1S~ 558. KM ALT APOAPS1S- 646. KM ALT
PERSONNEL

PM ~ C.M. MACKENZIE NASA~GSFC

PS — R.E. MURPHY NASA-GSFC

PS = J.C. PRICE(NLA) NASA-GSFC

BRIEF DESCRIPTION

The Heat Ceopacity Mapping Mission (HCHMM) spacecrsft was
the first of s series of Applications Explorer Missions (AEM).
The oblective of the HCMM was to provide comprehensive,
accurste. high-spatisl-resolution thermal surveys of the
surface of the earth. The HCMM spacecraft was made of two
distinct modules: {1) an instrument module, contasining the
hest cepacity mappins radiometer and its supporting sear. snd
(2) = base wmodule, containing the data hasndlins, power,
communicstions, command. and attitude control subsystems
required to support the instrument module. The spacecraft was
spin stebilized at & raste of 14 rpm. The HCMM circular
sun-synchronous orbit allowed the spacecraft to sense surface
temperatures nesr the maximum and minimum of the diurnal cvcle.
The orbit had a daylisht ascendins node with nominal equatorial
crossing time of 2:00 p.m. Since there was no inclination
adjustment capacity, the spacecraft drifted from this crossing
time by about 1 hour earlier per year. There was no on-board
duta storage capability, $0 only resl-time data were
transmitted when the satellite came within reception range of
seven 9ground stations. The repeat cycle of the spacecraft was
16 days. Day/night coverase over a siven area between the
latitudes of B85 deg N and 85 des S occurred at intervals
ransing from 12 to 36 h (once every 16 days). During Februsry
21-23+ 1980, the HCMM orbital altitude was lowered from 620 km
to 540 &m to stop the drift of the orbit plane to unfavorable
sun angles which 1in turn reduced the power collection
capsbility of the solar panels. The operations of the
spacecraft were terminated on September 30. 1980. More
detailed information can be found in the “Heat Capacity Mapplns
Mission Users' Guide* (TRF B30282). available from NSSDC.

—————— HCMM. BARNES
INVESTIGATION NAME- HEAT CAPACITY MAPPING RADIOMETYER
NSSDC ID- 78-041A-01

INVESTIGATIVE PROGRAM
CODE EE. APPLICATIONS

INVESTIGATION DISCIPLINE(S)
EARTH RESOURCES SURVEY
METEOROLOGY

PERSONNEL
P1 - W.L. BARNES NASA-GSFC

BRI1EF DESCRIPTION

The objectives of the Heat Capacity Mapping Radiometer
(HCMR) were (1) to produce thermal maps at the optimum times
for making thermal-inertia studies for discrimination of rock
types and  wminersl resources locatlion, (2) to meagure
plant-canopy temperatures at frequent intervals to determine
the transpiration of water and plant 1life, (3) to measure
soil-moisture effects by observing the temperature cvcle of
soils, (&) to map thermal effluents, both natural and man-made.
(5) to investisate the feasibility of seothermal source
locetion by remote sensing, and (6) to provide frequent
coverase of snow fields for water runoff prediction. The HCMR
transmitted anslos dsta in real time to selected receiving
stations. The radiometer wes similar to the surface
composition mapping radiometer (SCMR) of Nimbus 5 (72-097A).
The HCMR had » small instantaneous seometric field of view of
0.83 wmrad, hish radiometric accuracy, and & wide 716-km swath
coverase on the 9round so that selected areas were covered
within the 12-h period corresponding to the maximum and minimum
of temperature obdbserved. The instrument operated in two
channels, 10,5 to 12.5 micrometers (IR) and 0.55 to 1.1
micrometers (visible). The spatial resolution was
approximately 600 m at nadir for the IR channel, and 500 m for
the visible chunnel. The dinstrument utilized » radiation
cooler to coel the two Ha-Cd-Te deteactors to 115 K. The
experiment included an analos multiplexer that accepted the
analos outputs of the detectors and multiplexed them in a form
suitable for transmission by the spacecraft S-band transmitter,
The 4instrument performed satisfactorily until the spacecraft
operations terminated on September 30, 1980. More detsiled
information can be found in the “"Heat Cepacity Mapping Mission
Users' Guide® (TRF B30282): asvailable from NSSDC. Dats are

available f€rom NSSDC snd Earthnet Users Services. via Gslileo
Galitlel, C.P. 64, 00046 Frascati, Itsly.

T nanun SAGE. nRANNNN HANBAN

SPACECRAFT COMMON NAME- SAGE
ALTERNATE NAMES— AEM-B, STRAT AERO AND GAS EXP
APPL EXPL MISSION B, 11270

NSSDC ID~ 79-013A

LAUNCH DATE- 02/18/7¢% HWEIGHT- 148.7 KG
LAUNCH SITE- WALLOPS FLIGHT CENTER, UNITED STATES
LAUNCH VEHICLE- SCOUT-F

SPONSORING COUNTRY/AGENCY
UNITED STATES NASA-OSTA

INITIAL ORBIT PARAMETERS
ORBIT TYPE- GEOCENTRIC
ORB1T PERIOD-  96.8 MIN

EPOCH DATE- 02/19/79
INCLINATION- 54.9 DEG

PERIAPSIS~ 547.5 KM ALT APOAPSIS~  660.2 KM ALT
PERSONNEL

PM - C.M. MACKENZIE NASA-GSF(

PS - R.S. FRASER NASA-GSFC

BRIEF DESCRIPTION

The Stratospheric Aerosol and Gas Experiment (SAGE)
spacecraft was the second of the Applications Explorer Missions
(AEM) . The small, versatile, low-cost spacecraft was made of
two distinct parts: (1) the SAGE instrument module containing
the detectors and the associated hardware, and (2) the base
module containing the necessary dsta handling., power,
communications, command, and sttitude control subsystem to
support the instrument mode. The objective of the SAGE mission
wes to obtain stratospheric seroscl and ozone data on a8 9lobal
scale for @ better understanding of the earth's environmental
quelity snd radiation budget. The spacecraft was designed for
8 l-year 1ife in orbit. The spacecraft experienced power
problems sfter May 15, 1979. Spacecraft operations continued
until November 19. 198l. The signal from the spacecraft was
last received on Jesnuary 7, 1982, when the battery failed., For
more detalled information. see “Satellite studies of the
stratospheric aerosol” by M, P. McCormick, et al., Bull. Am.
Heteorol. Soc., v. 60, pp. 1038-1046, 1979.

—————— SAGE, MCCORMICK:
INVESTIGATION NAME- STRATOSPHERIC AEROSOL AND GAS EXPERIMENT
(SAGE)

NSSDC ID- 79-013A-01 INVESTIGATIVE PROGRAM

CODE EE, APPLICATIONS

INVESTIGATION DISCIPLINE(S)
UPPER ATMOSPHERE RESEARCH

METECROLOGY
PERSONNEL
PI ~ M.P. MCCORMICK NASA-LARC
01 — D.M. CUNNOLD GEORGIA INST OF TECH
Ol - G.W. GRAMS GEORGIA INST OF TECH
Ol - B.M. HERMAN U OF ARIZONA
OI - D.E. MILLER METEOROLQGICAL OFFICE
01 - D.G. MURCRAY U OF DENVER
0l - T.J. PEPIN U OF WYOMING
O - W.G. PLANET NOAA-NESDIS
0I - P.B. RUSSELL SRI INTERNATIONAL

BRIEF DESCRIPTION

The objectives of the Stratospheric Aerosol and Gas
Experiment (SAGE) were to determine the spatial distribution of
stratospheric aerosols and ozone on a global scale. Specific
objectives were (1) to develop a satellite-based remote-sensing
technique for stratospheric aerosols and ozone measurements,
(2) to map aerosol and ozone concentrations on a time scale
shorter than major stratospheric chanses, (3) to locate
stratospheric aerosol aend ozone sources and sinks, (4) to
monitor circulation and transfer phenomena. (5) to observe
hemisphere differences. and (6) to 1inver*isate the optical
properties of aerosols and assess their effects on slobal
climate. The SAGE instrument was a radiometer consisting of s
Gresorian telescope and a detector subassembly which measured
the sttenustion of solar radiation at four wavelensths (0,385,
0.45, 0.6, and 1.0 micrometer) during solar occultation. As
the spacecraft emersed from the earth's shadow, the sensor
scanned the earth's atmosphere from the horizon up, and
measured the sttenuation of soler radiation by different
stmospheric  leyers, This oprocedure was repeated during
spacecraft sunset. Two vertical scanninss were obtained during
each orbit, with each scan requiring spproximately 1 min of
time to cover the astmosphere above the troposphere. The
instrument had a field of view of approximately 0.15 mrad which
resulted in a wvertical rTesolution of about 1 km. Spatial
coverage extended from about 79 des N to 79 des S latitude and
thus complemented the coverase (64 des N to 80 des N and 64 dey
S to 80 des S) of the SAM II on Nimbus 7. The instrument
performed satisfactorily. Because of power problems. the data
collection was limited to sunset events after June 1979, and
was eventuslly terminated on November 18. 1981, Both NSSDC and
the World Ozone Data Center, Atmospheric Environmental
forvl:t:. 4905 Duffins St.., Downsview, Ontario, M3H 5T4 Cansda.

~ve cdata,
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APOLLO PROJECT

Apollo 1-7,9, and 18" were placed in earth orbit (1-3 were suborbital), and of these only the last
three (7, 9, and 18) were manned. All of them were launched by the Saturn 1B configuration,
with the exception of Apollo 4 and 6, for which the Saturn 5 was used. All of these flights were
primarily to test and evaluate equipment to be used for the lunar flights, except for the scientific-
political flight of Apollo 18. Apollo 10-17 were all manned lunar flights. Apollo 8 and 10 were
test flights with a test of the lunar module. Apollo 11-17 were planned lunar landing missions. Of
these seven landers, only Apollo 13 failed to land due to an inflight explosion; however, the flight
path circumnavigating the moon and returning to earth was successfully accomplished. An earth
photography experiment was included on Apollo 6-18. All photographs were taken by means of
hand-held Hasselblad 70-mm and Maurer 16-mm cameras with the exception of the unmanned
Apollo 6, on which a fixed mount, sequencing camera was used. The Apollo pictures were used
for a variety of purposes including: initial development of stereo techniques from satellite
photography, storm case studies, and optimizing techniques, altitudes, and observing equipment
for meteorological imaging experiments and operational sensors. An excellent, somewhat detailed
summary of all Apollo photographic instrumentation may be found in NSSDC Publication 77-2
(p. 5, pp. 54-89). All Apollo earth photographs are available through the EROS Data Center.
Table 3 is a listing of all Apollo launches with the major characteristics of each flight noted.

&
Apollo 18 and Soyuz 19 (1975-065A and 1975-066A), more frequently referred to as Apollo Soyuz, were
launched independently and then docked in orbit. The crews jointly accomplished various observations and tests,
undocked, and made their separate descents (also refer to the Soyuz Project).
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TABLE 3
APOLLO PROGRAM
Apollo Vehicle Number
NSSDC ID
Launch Date (MMDD)
Launch Vehicle (1B=Saturn 1B, 5=Saturn 5)
Orbit (S=Suborbital, E=Earth, L=Lunar)
Module
Lunar Landing
Rover
Earth Photography
Crew/Remarks
_ | LLLL L
1 (1966) 02-26 1B S LV and SC test
2 (1966) 07-05 IB S LV and SC test
3 (1966) 08-25 1B S LV and SC test
4 67-113A 11-09 5 E X LV and SCtest
5 68-007A/B 01-22 1B E Hardware and Systems Test
6 68-025A 04-04 5 E X Hardware and Systems Demonstration
7 68-089A 10-11 1B E X  Schirra, Cunningham, Eisele
8§ 68-118A 12-21 5 L X Borman, Lovell, Anders
9 69-018A 03-03 5 E X McDivitt, Scott, Schweickert
10 69-043A 05-18 5 LX X Stafford, Young, Cernan
11 69-059A/C 07-16 5 LXX X Amnstrong, Aldrin, Collins
12 69-099A/C 11-14 S LXX X Conrad, Bean, Gordon
13 70-029A/C 04-11 5 LX X Lovell, Swigert, Haise
14 71-008A/C 01-31 5 LXX X Shepard, Mitchell, Roosa
15 71-063A/C/D 07-26 5 LXXX X Scott, Irwin, Worden
16 72-031A/C/D 04-16 5 LXXX X Young, Duke, Mattingly
17 72-096A/C 12-07 5 LXXX X Cernan, Schmitt, Evans
18 75-066A 07-15 1B E X Stafford, Slayton, Brand
APO-4
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SPACECRAF .{MON NAME- APOLLO 8
ALTERNATE NAMES- PL-684M. 03626

NSSDC ID- 68-118A

LAUNCH DATE- 12/21/68 WEIGHT~ 9979. KG
LAUNCH SITE- KENNEDY SPACE CENTER. UNITED STATES
LAUNCH VEHICLE~ SATURN 5

SPONSORING COUNTRY/AGENCY

UNITER STATES NASA-OMSF

PERSONNEL

BRIEF DESCRIPTION

This spacecraft was the ¢€irst of the Apollo series to
successfully orbit the moon. The mission achieved operstional
experience and tested the Apollo command module systems. The
crew photosraphed the lunsr surface, both farside snd nesrside,
obtaining information on topography and landmarks ss well as
other scientific dinformation necessary for future Apollo
lsndinss. The spacecraft was launched on December 21, 1968,
and was placed in an ellipticsl luner orbit at 69 h 8 min
sround elapsed time for two orbits. It was later placed in a
nesr-circuler lunar orbit of 110.4 by 112.3 km for eisht
orbits. Tae mission was considered nominal and was completed
on December 27, 1968, st 147 h after launch,

------- APOLLO 8. ALLENBY, JR.

INVESTIGATION NAME- APOLLO 8 PHOTOGRAPHIC STUDIES

INVESTIGATIVE PROGRAM
CODE EL

NSSDC 1D~ 68-118A-01

INVESTIGATION DISCIPLINF(S)

PERSONNEL
P1 - R.J., ALLENBY. JR. NASA HEADQUARTERS

BRIEF DESCRIPTION

The Apollo 8 mission wutilized +two 70-mm Hasseldblad
cameras with two 80-mm lenses, @ 250-mm lens, snd associated
equipment such as filters, ringsisht, spotmeter, and an
intervelometer for stereo strip photography. It also carried a
16-mm Maurer camera with 200-, 75-, 18-, and 5-mm lenses, a
risht-angle mirror, and s boresight bracket. The purpose of
this photosraphic equipment was (1) to acquire vertical and
oblique overlapping photosraphs of the lunsr farside. (2) to
photograph “targels of opportunity,” and (3) to record
operational activities. Seven masazines of 70-mm f1lm and five
magazines of )é-mm film were used for lunar photography. A
complete description of the experiment can be found in a Dats
Announcement Bulletin. N3SSDC 69-06, available at NSSDC by
request.
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SPACECRAFT COMMNN NAME- APOLLO 9
ALTERNATE NAMES- PL-691M. SA-504
03769

NSSDC ID- 69-018A

LAUNCH DATE- 03/03/69 WEIGHT- 11205. KG
LAUNCH SITE- KENNEDY SPACE CENTER, UNITED STATES
LAUNCH VEHICLE- SATURN

SPONSORING COUNTRY/AGENCY
UNITED STATES NASA-OMSF

INITIAL ORBIT PARAMETERS
ORBIY TYPE- GEOCENTRIC
ORBIT PERIOD~ 88.64 MIN
PERIAPSIS- 203. KM ALT

PERSONNEL
PM - W.C., SCHNEIDER(RETIRED)
PM = C.W. MATHEWS(RETIRED)

BRIEF DESCRIPTION

Apollo 9. which was composed of a command module (CM), a
command sarvice module (CSM)}. & lunar module (LM). and an
instrument unit (IU)s, war launched by s Saturn V rocket on
March 3, 1969, from Cepe Kennedy into & nominsl ordbit of 102.3
by 103.9 n.m. (166 by 166 km). The crew were commander J.R.
McDivitt, CM pilot D.R. Scott: and LM pilot R.L. Schweikart.
The wvehicle rocket had three stases., S-1C, S-I1, and S-1VB.
The CM.» @& cone~-shaped craft sbout 390 CM in dismeter at the
larse end, served as s command. coentrol., and communications
center.  Supplemented by the SM., 1t provided sll life support
elements for the three crewmen. The CM wes capeble of attitude
control sbout three sxes and some lateral 11t trenslation. It
permittad LM attachment and CM/LM ingress and esress and served
8s 8 buoyant vessel at ses. The CMS provided the main
propulsion and maneuvering cepability. It was Jettisoned Just
before CM reentry. The CSM was e cvlinder 390 cm in dismeter.
The LM wes @& two-stage vehicle that sccommodated two men snd
to the luner surfaece. On Apollo 9 the CM
ed and sone meneuvers. including docking.

EPOCH DATE- 03/04/69
INCLINATION-  32.57 DEG
APOAPS1S~ 229, KM ALT

NASA HEADQUARTERS
NASA HEADQUARTERS

APO-5

were completed, “2t the LM did not land becsuse this was sn
esrth-circling mission. The LM had its own piopulsion,
communication. and 1life support cvstems. All systems worked
nearly normally.,

------- APOLLO 9, ALLENBY, JR. =

INVESTIGATION NAME- 70-MM HASSELBLAD SPECTRAL TERRAIN
PHOTOGRAPHS
NSSDC 1D~ #9-018A-01 INVESTIGATIVE PROGRAM
CODE EE. APPLICATIONS

INVESTIGATION DISCIPLINE(S)

PERSONNEL
P1 = R.J. ALLENBY. JR, NASA-GSFC

BRIEF DESCRIPTION

The 3065 multispectral terra.n photography experiment was
designed (1) to obtaln multispectrsi photosraphs from spsce
over selected land and occan areas, (2) to determine the
usefulness of this type of photography for earth resources, and
(3) to define future multispectral photographic systems. A
total of 584 pictures were obtsined by four electrically
driven, model 500-E1 Hasselblad cameras, each with differen*
film-filter combinations. and fitted with Zeiss /2.8 80-mm
planar lenses. The cameras were operated simultsneously, and @
manual intervalometer was used to obtain systematic overlapping
(stereo) photographs. The cameras were mounted cosxially on a
metal bracket desisned to fit the circular command module hatch
window. The cameras were preset, and thus no adjustments were
made by the crew, The shutters were triscered simultaneously
at predetermined intervals (between 5 and lU sec) by a manual
electric switch controlled by an asstronaut. Film-filter
combinations (and number of photos obtained) were as follows -
(1) 1infrared Ektachrome type SO-180 color IR film - Photar 15
filter sensitive to 510 to 900 mu (139), (2) Panatomic-X tvpe
3400 black snd white psnchromatic film -~ Photar 58 filter
sensitive to 460 to 610 mu (159), (3) infrared serosraphic tvpe
S0-246 black and white infrered film - Photar 89b filter
sensitive to 700 to 900 mu (127), and (4) Panatomic-X type 3400
black snd white panchromatic film - Photar 25A filter sensitive
to 580 mu into the IR region (159). The regions photographed
included the Southwestern LUnited States (south of 36 des N
lat}, Northwestern Mexico., the South Central sud Southeastern
United States, Southern Mexico. and the Caribbean-Atlantic
resion. The handheld photography was obtained simultanecusly
with the four-camera multispectral photosraphy. The experiment
was very sutcessful as to quantity and quality of photosgriphs
obrained. A more complete description of this experiment is
available in “Apollo 9 multispectral photosraphic information.”
NASA TM X-1957, April 1970.
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SPACECRAFT COMMON NAME- APOLLO 10
ALTERNATE NAMES- PL-692F, 03941

NSSDC 1D~ 69-043A

LAUNCH DATE- 05718769 WEIGHT- 9979. KG
LAUNCH SITE- KENNEDY SPACE CENTER, UNITED STATES
LAUNCH VEHICLE- SATURN

SPONSORING COUNTRY/AGENCY

UNITED STATES NASA-OMSF

PERSONNEL
PM - S.C. PHILLIPS NASA HEADQUARTERS

BRIEF DESCRIPTION

This spacecrcft was the second Apollo mission to orbit
the moons check out the Apollo systems in the vicinity of the
moon, and obtain numerous photosrsphs of the lunar sur‘ace.
Apolle 10 accomplished 1lunar orbit 4 days after the May 18,
1969 launch. Both the command service module (CSM) and the
lunar module (LM). which undocked and ceme within 50.000 f¢
{15,400 m) of the lunar surface, performed successfully. The
command module (CM) and crew returned to earth on May 26. 1969,

======= APOLLO 10. ALLENBY: JR.

INVESTIGATION NAME- APOLLO 10 PHOTOGRAPHIC STUDIES

NSSDC 1D~ 69-043A-01 INVESTIGATIVE PROGRAM
CODE EL

INVESTIGATION DISCIPLINE(S)

'ERSM
PI = R.J. ALLENRY, & NASA HEADQUARTERS
01 - J.H, S$ASuex RASA-JSC

BRIEF DESCRIPT(ON

Apollo 10 carried photosraphic equipment end materials to
(1) obtain photosraphs of the transposition. docking., lunar
module ejection meneuver, and LM rendezvous sequence from both
the commend and lunar modules. (2) ebtain photos of the lunar
ground track and eof landing site no. 2 from the low point of
the LM flight path. (3) record operationsl activities ef the
crews and (4) ebtain long-distance earth and lunar terrain
shotographs. Camers eauipment carried ebesrd Apolle 10
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consisted of two 70-mm Hasrelblad camerss. each fitted with
80-mm £/2.8 Zeiss planar lanses, & 250-ma telephoto lens stowed
aboard the cormand module, 3nd sssocisted equipment (filters,
ringsisht, spotmetar, oand on intervalomete: for sterso strip
photosraphy). For motion pictures, two 1é-mm Msurer data
scquisition cameras (one in the CSM and one in the LM), with
varisble frame speed selection. were used. Motion plicture
csmers accessories included bayonet-mounted lenses of 75-, 18-,
5-mm focal lensths, a risht-snsle mirror. » command module
boresisht bracket, » power cable. and an ads) ter for shootins
throush the sextant. A Dsts Announcement Bulletin presentins
the photosrsphic coverase snd formst of svailable data can de
obteined from NSSDU by requesting NSSDC Publication 69-14.
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SPuCECRAFT COMMON NAME- APOLLO 11 CSM
AL "ERNATF. NAMES- PL-693H, SA-506
04039

NSSDC ID- 69-059a

LAUNCH DATE- 07/16/69 WEIGHT- 28860. X6
LAUNCH SITE~ KENNEDY SPACE CSNTER, UNITED STATES
LAUNCH VEMICLE~ SATURN

SPONSORING COUNTRYZAGENCY

UNITED STATES NASA-OMSF

PERSONNEL
PM - S.C. PHILLIPS

BRIEF DESCRIPTION

The Apollo 11 spacecraft was part of the first mission in
which men landed on the lunsr surface and returned ‘o sarth,
The spacecraft consisted of three modules -— a command module
(CM)s @& lunsr module (LM). snd s command service module (CSM).
After the spacecraft orbited the moon, the LM and CSM
separsted. Two astronsuts 4in the LM landed or the lunar
surface ot the ses of tranquility (0.67 des N latitude and
23.49 des E 1longitude), while one remained in lunar orbit in
the command module. Scientific studies were performed, and
3011 and rock samples were ucquired by the astronauts durics »
moonwslk. The men returned to the LM, docked the LM snd the
CSM» and returned to earth., The Apcllo 11 spacecraft was
launched on July 16, 1969 end was injected into lunar orbit on
July 19. The LM (69-059C) landed on the moon on July 20, 1969
and returned to the command module on July 21. The command
module 1left lunar orbit on July 22 and returned *o earth on
July 24, 1969. A laser ransins retroreflector and a pessive
seismosraph experiment were left on the moon. The performance
of the spacecrafi was excellent throushout the mission.

NASA MEADQUARTER3
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INVESTIGATION NAME- APOLLO 11 PHOTOGRAPHMIC STUDIES
NSSDC ID- 69-05%A-01 INVESTIGATIVE PROGRAM
CODE EL

INVESTIGATION DISCIPLINE(S)

PERSONNEL
Pl - MAPPING SCIENCES LAM NASA-JSC

BRIEF DESCRIPTION

Apollo 11 carried photosraphic equipment and materials to
1) obtain photosrsphs of the transposition., dacking, lunar
module ejection maneuver, and the LM rendezvous sequence froa
both the commend and lunar modules, (2) obtein photos of the
lunar sround track and of the landing site from the Zow point
of the LM's flight path, (3) record the cperstional activities
of the crew. (4) obtain lons—distance earth and lunar terrain
photosraphs with 10-mm  still cameras, and (5) obtuin
photosraphs of lunar surfsce festures and cf the activities of
the two aestronauts who 1landed on ths wmoon. The camers
esuipment carried by Apollo 11 consisted of one 70-mm
Hasselblad electric cemers, two Hasselblad 70-mm lunar surface
supervide—angle cameras. one Hasselbled E1 data camers. two
16~mm Maurer deta acquisition camerss. and ons 35-mm luner
surface stereoscopic closeup cemera. Verious lenses were used
with these cemeras for smrecific ¢/pes of Dhotosraphy, The
shotngraphs taken included 1359 frames of 70-mm format. 58,134
[ of lé-mm photoegraphy. and 17 stergoscopic peirs. A
package that contajns detailed information sdout the
photosraphic  equipment and coverase. avsilability of and
ordering srocedures for photosraphy snd sroof prints for the
Apolle 11 photosrsphy is asveilsble froem NSSDC. Requesters
shoyld ask for MSSDC 70-06.

APOLLO 12 CSMuvewauxsunnusssvnnnse

SPACECRAFT COMMON NAME- APOLLO 12 CSH
ALTERNATE NANES- :l‘.;;;ll- Sa-507

APO-6

NSSDC ID- 69~099A

LAUNCH DATE~ 11/14/69 WNEIGHT- 28850, K§
LAUNCH SITE- KENNEDY SPACE CENTER. UNITED STAYES

LAUNCH JEHICLE- SATURN

SPONSORING COUNTRY/AGENCY

UNITED STATES NASA-~OMSF
PERSONNEL
PM ~ R. PETRONE NASA HEADQUARTERS

PS ~ MW, MOLLOY NASA HEADQUARTERS
BRIEF DESCRIPTION

The Arollo 12 spacecraft was part of the second mission
in which men landed on the moon and returned to earth. The
spacecraft consisted of three modules -- = command module (CM),
a command service module (CSM), and s lunar module (LM). The
lunsr module 1landed two men on the surfsce of the moon in the
vicinity of Surveyor 3. while the piloted command module
continued in orbit. An Apollo 1lunar surface experiments
packsse (ALSEP) was placed on the lunar surface, samples of the
lunsr terrain were wscquired, and various photosrapks of 16-.
35-, snd 70-mm film sizes were exposed from the lunar and
commsnd modules snd by the astronsuts durins lunar surface
sctivities, The Apollo 12 spascecraft was launched on November
16, 1969, and was injected into lunar orbit on Novemher 18,
The LM (69-045C) lsnded on the moon on November 19 and returned
to the command module on November 20. The command module left
lunar orbit on November 22 and returned to earth on November
24, 1969. Performance wss veary sood for all aspects of tue
mission.
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INVES)1IGATION NAME~ MULTISPECTRAL PHOTOS

NSSDC ID- 6%~ 139A-09 INVESTIGATIVE PROGRAM
CODE EL

INVESTIGATION DISCIPLINE(S)

PERSONNEL
PI - A.F.{.GOET2Z NASA-JPL

BRIEF DESCRIPTION

The 5-158 multispectrel experimen* camers sroup concisted
of four Harselblad cameras,s side-by-side on a common mount.
each fitted with a different filter anu type of film. The
objective of the experiment was to ocbtsin photosrephs showing
lunar surface color variations for use in seoloyic mapping and
correlation with surface samples from spectral reflectance.
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INVESTIGATION NAME- APOLLO 12 PHOTGGRAPHIC STUDIES

INVESTIGATIVE PROGRAM
CODE EL

NSSDC 1D~ 65-099A-01

INVESTIGATION DISC_PLINE(S)

PERSONNEL
Pl - MAPPING SCIENCES 1.AB NASA=-JSC

BRIEF DESCRIPTION

Ap0llo 12 carried photoaraphic equipment a~a materiels to
(1) obtain photosraphs of the transpesition, cdockins, lunar
module ejection @maneuver, ond the LM rendezvous sequence from
both the command and lunar modules. (2} obtain photos of the
lunsr sround track and of the landing site from the low point
of the LM's flisht path, (3) record the operational sctivities
of the craw, (4) obtain lons-distance earth snd lunar terrain
photogrsphs witi, 70~mm still camerss. and (5) obtain photos of
lunar surface features and of the act.vities of the zstrouauts
who landed on the moon. The camers equipment carried by Apollo
12 coniisted of one 70-am Hasselblad electric cemeras: two
Hesselblad dats cameras. two lé-mm Haurer date scquisition
camerss, one 35-mm lunar surface sterecscopic closeup csmera,
snd @ four-camers. multispectral. $~158 expariment. Varilous
lsnses were used with these cemeras for specific types of
photography, The photosraphs included 1584 #remes of 70-mm
formet, 69.51% #frame, of lé-mm formet, 15 sieresoscopic pairs,
and 582 framgs of protography from the 3158 experiment. A
user's packase contsining detalled infermption about the
photographic equipment  and availadility of
photographs, ordering procedure). roof prints fur the
Apollo 12 photograshy is aevailadie from NSSDC. Requesters
should ask ¢for NSSDC 70-09.
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SPACECRAFT COMMON NAME- APOLLO 13 CSM
ALTERNATE NAMES- :k;?gw- SA-508
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NSSDC ID- 70-029A

LAUNCH DATE- 94711/70 HEIGHT- 9979. KG
LAUNCH SITE~ KENNEDY SPACE CENTER. UNITED STATES
LAUNCH VEHICLE- S+TURN

SPONSORING COUNTRY/AGENCY
UNITED STATES NASA-OMSF

PERSONNEL
PH - R. PETRONE
PS - M.H. mMOLLOY

BRIEF DESCRIPTION

Apollo 13 was lsunched on April 1l. 1970. on 8 scheduled
10-dsy lunar landing mission. The purposes of the mission were
(1) to explore the hilly uplend Fra Mauro resion of the moon.
{2) to eperform selenolosical inspection. suivey. and sampling
~f materfisl 1in the Frs Mauro formation., (3) t> deploy and
activate on Apollo lunar surface experiments psckage (ALSEP).
{4) to further develip man’s capadbility t¢c work 1n the lunpr
environment. and <(5) to obtain photoarephs of candidate lunsr
exploration sites. These 903ls were te be carried out from a
near-circulsr lunar orbit and on the lunar surface at 3 des S
latitude. 17 des W lonsitude. Because of a malfunction in the
command service wmodule. which made the command module (CM)
unusable for the mission, the mission haa to be aborted. The
crew transferred to the lunar module and performed a
free-return trajectory. returning to the CM only prior to
entering the earth's atmosphere. Althoush the planned mission
objectives were not realized, 8 limited amount of photosrephic
data was obtained.
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APOLLO 13 CSM. MAPPING SCIENCES LAB
INVESTIGATION NAME- APOLLD 13 PHOTOGRAPHIC STUDIES

INVESTIGATIVE PROGRAM
CODE EL

NSSDC ID- 70-029A-01

INVESTIGATION DISCIPLINE(S)

PERSONNEL
Pl - MAPPING SCIENCES LAB NASA-JSC

BRIEF DESCRIPTION

The photoaraphic objectives of the Apollo 13 mission were
) to photograph tarsgets of opportunity (scientifically
interesting sites and potential Apollo landing sites), (2) to
obtain wvertical and oblique stereo strips of nearside and
farside resions of scientific interest. (3) to record mission
operstional aectivities, including the operations and naneuvers
of the command service module, the command module, and lunar
module. and (4) to obtain photos of lunar surface features.
before and sfter landing. and long-distance earth photographs.
The camers equipment carried onboard the spacecraft consisted
of two 70-mm Hasselblad electric cameras. two 70-mm Hasselblad
Jats cameras. two lé-mm Maurer cucd 3cquisition cameras, one
35-mm  lunar surface stereoscopic closeup camera. and one Hycon
toposraphic camera. Because the mission was aborted, only the
two Hasselblad 70-mm electric cameras and the two Maurer data
scquisition cameras were used, and photosraphic coverase
included only a limited amount of lunar surface and photosraphs
of mission operstional activities. This photesraphic coverase.
which 1s of sood to fair quality, includes 584 frames of 70-mm
photosraphy and 22,073 frames of l16~mm photosraphy.
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SPACECRAFT COMMON NAME- APOLLO 14 CSM
ALTERNATE NAMES- PL-704A. 04500

NSSDC ID- 71-008A

LAUNCH DATE- 01/31/71 WEIGHT- 29290. KG
LAUNCH SI1TE- KENNEDY SPACE CENTER. UNITED STATES
LAUNCH VEHICLE- SATURN

SPONSORING COUNTRY/AGENCY
UNITED STATES NASA-OMSF

PERSOMNNEL
PM - R. PETRONE
rt - UNKNOWN

BRIEF DESCRIPTION

This spacecraft was the third Apollo mission to land wen
on the moon. On February 5. 1971. the lunar module (LM} landed
two men 1in the hilly upland resion 24 km north of the rim of
Fra Msuro crater, while the piloted command module (CM)
continued in a lunar equstorisl orbit. The Apolle lunar
surface experiments packase (ALSEP) was place¢ on the surface
of the moon. oand samples Of the lunar surface were acquired.
Verious frames of lé-mm, 35-mm. 70-wm» and 5-in. mapping film
were exposed by the wstronauts from the LM and CM and on the
lunar surface. Performance wss 200d for most aspects of the
®ission, The Apollo 14 spacecraft was launched on January 31.
1971, and wes injected into lunar orbit on February 4. The LM
(71-008C) 1landed on the moon on February 5 and returned to the
command module on Februsry 6. The command module left luner
ordit on Februsry 7 end returned te eerth on February $. 1971,
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INVESTIGATION NAME- ORBITAL AND SURFACE PMOTOGKAPHY
NSSDC ID- 71~008A-01 INVESTIGATIVE PROGRAM
CODE EL

INVESTIGATION DISCIPLINE(S)

PERSONNEL
PI - F. EL-BAZ SMITHSONIAN INST
BRIEF DESCRIPTION

Apolle 14 was equipped with photosraphic equipment and
asterials to (1) obtain photosraphs of the transposition,
docking, lunar module (LM) ejection moneuver. and the LM
rendezvous sequence €rom the command and lunar modules, (2)
obtain mapping type photos of the lunar sround track and of
potential 1landins sites from the low point of the LM's flight
path. (3) record the operational activities of the crew. (&)
obtsin 1long-disisnce esrth and lunar terrain photosraphs with
70-mm s$till cameras, and (S) odtain photos of lunar surface
features and activities after landing. The camera equipment
carried by Apolld 14 consisted of two 70-mm Hasselblad electric
cemeras., two Hesselblad data cameras, three )6-mm Mayrer data
acquisition cameras, one 35-mm lunar surfsce sterecscopic
camera, and one Hycon topographic mapping camera. Various
lenses were wused with these cameras for specific types of
photosraphy. The performance for all the cameras was Sood
except for the Hycon camera. which experienced & shutter
problem that resulted in over-exposed film.
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SPACECRAFT COMMON NAME- APOLLD I5 CSM
ALTERNATE NAMES- 053.51

NSSDC ID- 71-063A

LAUNCH DATE- 07/26/71 NEIGHT- §7760. KG
LAUNCH S1TE~ KENNEDY SPACE CENTER., UNITED STATES
LAUNCH VEHICLE~ SATURN

SPONSORING COUNTRYZAGENCY
UNITED STATES NASA~OMSF

ORBIT PARAMETERS
ORBIT TYPE— SELENOCENTRIC EPOCH DATE~ 07/30/72
ORBIT PERIOD- 119.0 MIN INCLINATION- 26. DFG
PERIAPSIS- 90.0 KM ALT APOAPSIS~ 115.0 KM ALT

PERSONNEL
PM -~ R, PETRONE NASA HEADQUARTERS

BRIEF DESCRIPTION

Apcllo 15 was the fifth spacecraft (fourth accomplished)
and the first of the J-series Apollo missions designed tu land
men on  the moon. The 1lunar landing site for the 12-day
scientific mission was the Hadley Rille-Apennine mountain
region at 26 des 06 min 54 sec N, 3 deg 39 mir 30 sec E on the
lunar surface. The lunar module (LM} carrying astronauts David
Scott and James Irwin and thz lunar rovias vehicle (LRV) landed
on the moon on July 31, 1971. The command module (CM) piloted
by Alfred Horden remained in a slightly elliptical orbit at an
altitude of 93 by 120 km with an inclination of 23 des. The
projects carried out on the surface included the deployment o<
the Apollo lunar surface axperiments package (ALSEP),
geclogical field exploration in three EVA excursions,
documenting photosraphy, and acquisition of samples of the
lunar terrain. Photegraphs using 16~ and 70-mm film were
obtained f€from both the surface and from orbit., and 35-zwm and
two kinds of 5-in. film photosraphs were obtained from orbit.
Special UV and dimlisht photogsraphic experiments were performed
during orbit. Before leaving the 1lunar environment, a
subsatelliite with sn experiments packeagse was released from the
command service wmodule (CSM) on Ausust 4. 1971, i{nto an ordit
135 by 97 km. The LRV was used to axplore resions within 5 km
of the LM landing site. This was the first time a vehicle of
this type had been used,» and 1its performance on the lunar
terrain was very successful. The CM and LM vehicles rejoined
on Ausust O, 1971. performed further photosraphic experiments
in orbdit sround the moon for 2 days. The LM was separated for
lunar 1impact. and the CSM was placed in esrthbound trajectory.
The service module was separated enrvute, and the CM returned
to earth on Ausust 7, 1971. More information on the LH may be
found under spacecraft 71-063C.
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INVESTIGATION NAME- HANDHELD PHOTOGRAPHY

NSSDC ID- 71-063A-01 INVESTIGATIVE PROGRAM
CODE EL

INVESTIGATION DISCIPLINE(S)
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PERSONNEL
Pl - F.J. DOYLE US GEOLOGICAL SURVEY

BRIEF DESCRIPTION

The photosraphic equipment for Apolle 15 included
Hesselblad and Maurer cameras that were used (1) to obtsin
photosraphs of the tresnsposition. docking, lunm: module
ejection maneuver, ond LM rendezvous sequence from both the
command and lunar modules, (2) to obtain photosraphs of the
lunar sround treck snd of future landing sites, (3) to record
the operational sctivities of the crew. (%) to obtain
lons~-distance esrth and 1lunar photosraphs for sress of
scientific interest, and (5) to obtain photos of lunar surface
features snd of the sctivities of the estronsuts after their
landing on the moon. The camera equipment consisted of one
70-mm  Hesselblad electric camers. two Hasselblasd date cameras,
twe 16~mm Maurer data scquisition csmeras. snd two TV cameras.
Various lenses were used with these csmeras for specific types
of photosraphy.
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INVESTIGATION NAME— PANORAMIC PHOTOGRAPHY
NSSDC ID~ 71-063A-02 INVESTIGATIVE PROGRAM
CODE EL

INVESTIGATION DISCIPLINE(S)

PERSONNEL
Pl - F.J. DOYLE US GEOLOGICAL SURVEY

BRIEF DESCRIPTION

The scientific instrument module (SIM) Itek panoramic
camers experiment was designed to obtain high-resolution
panoramic photographs with stereoscopic and monoscopic coverage
of the 1lunar surface. The psnoramic camera. which was housed
in the command service mndule (CSM)} and scanned the lunar
surface from lunar orbit, also provided supporting photographic
data for the other CSM camerss and experiments. The camera
provided photosraphs of 1- to 2-m resolution from an orbdital
altitude of 111 km. The ranges for this camera were (1) focal
lensth, 24 in., (2) field of view, 108 des cross-track by 10.4
deg alons the track scanned, (3) image coverage (from 111 km
sltitude), 337 km by 21.6 km, (4) image size, 45.24 in. by 4.5
in.. and (5) film capacity. 6500 £t for 1600 frames. The
panoramic camera had four main components: (1) a roll frame
assembly that rotated continuously §n the cross-track scan
direction during camera operation (panoramic scanning), (2) @
9imbal aessembly that tilted fore snd aft to provide stereo
coverage as well as forward motion compensation., (3) the main
frome. and (4) @& 9aseous nitrogen pressure vessel assembly
required for certain film roller gas bearings. The pressure
vessel assembly 8lso was used by the Fairchild mapping camera
experiment {Apollo 15A-03). The camera optics system, a
casmers/film drive and control system. and a film cassette
completed the panoramic camera system. The film cassette was
retrieved by a crewman during extravehicular activity (EVA) in
the transearth portion of the mission. The panoramic camers
was mounted on structural beams in the CSM SIM bay between the
two SIM shelves. It wss designed to operate in 1ts
SIM-installed position without the use of = deployment
subsystem. The . camera lens was stowed face-inward to the sim
to protect it from CSM contamination sources. The camera
sutomatically stowed 1ts lens when off-nominal lens thermal
conaitions were experienced. Command module camera controls
were available for the crew (1) to activate and deactivate
camera heaters, (2) to supply or remove primary camera power,
(3) to select sn operate or standby operation mode, (4) to
supply €1lm roller torque to prevent film slack during the
launch, translunar injection, and service propulsion system
powered flight phases, (5) to activate the five-film frame
advance cycle required daily (1€ camera was not operated in a
24-h period) to prevent film set after film loading, (6) to
increase or decrease the width of the camera exposure slit., and
(7} to select a stereoscopic or monoscopic mode of operation.
A CM display of the barber pole/sray talkback type was provided
to enable the crew to verify camers operational status. Over
1500 useful photographs were obtained.
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INVESTIGATION NAME- METRIC PHOYOGRAPHY
NS3DC 1D~ 71-063A-03

INVESTIGATIVE PROGRAM
CODE EL

INVESTIGATION DISCIPLINE(S)

PERSONNEL
P1 - F.J. DOYLE US GEOLOGICAL SURVEY

BRIEF DESCRIPTION N

The Falrchild mappins camera experiment was desisned to
obtain high-quality metric photographs of the lunar surface and
stellar photographs exposed simultaneously with the metric
photosraphs. The metric photosraphs were obtained usins s
3-4n, (76 mm} cartographic lens, and photographs of the star
field were obtained wusing @& 35-mm stellar camera lens. The
mapping camers also provided supporiing photographic dats for
the scientific instrument module (SINM) panoramic camera and for
other command service wmodule (CSM) photosraphic experiments.
The camera scanned the lunar surface from the CSM during lunar
orbit. The stellar camera was operated on the lunar dark-side
in conjunction with a 1laser altimeter as the film budget

APO-8

perritted. The time-correlated stellar photosraphs were used
to provide 8 reference for the determination of the laser
altimete: pointing vector and for the cartosrsphic 1lens
pointins vector for metric cemers lisht-side photography. The
metric camera provided 20-m resolution photosrephy from an
orbitsl asltitude of 111 km. The ranses for the metric camers
were (1) focal lensth. 5 in. (76 mm). (2) field of view. 74 deg
by 76 des, (3) image coverage (from 111.12 km), @ 166 km 3q
area, (4) imsse size, 4.5 by 4.5 in.. snd (5) film capacity.
1500 ft of 5-in. film. The mappiny cameras system was composed
of two 1ndividusl camers subsystems -~ the metric (terrain
mapping) camers. which performed the cartogsraphic function., and
the stellsr camers. These subsystems were integrated into s
single unit that had the optical axis relationship necessary to
satisfy the precision mapping camera snd the laser altiaeter
attitude (pointing) determination reguirement. This system
shared a saseous nitrogen pressure vessel assembly with the SIM
panorsmic camers to provide an inert and pressurized stmosphere
within the camera. The camers optics system, film
drive/exposure/takeup system. and 8 removable cassette
(containing both metric snd stellar cemeras film) completed the
camers system. The £1lm cassette was retrieved by @ crewman
during eva efter photographic operations were completed. The
mapping camera system was mounted on the top shelf in the CSM
SIM bay end was deploved on & rail-type mechanism in order to
provide sn unobstructed field of view for the stellar camera.
This mechanism ensured that the star field photosraphed was no*
obscured by either the lunar horizon or the sim mold line. A
cover attached to the sim shelf protected the metric camers
lens and laser sltimeter optics from spacecraft contamination
sources during resction control system firings and effluent
dumps. This cover provided for multiple opening and closing
cycles. Ceamers controls in the command module allowed the crew
to activate or deactivate camera heaters snd camera functions,
to activate or deactivate the imase motion compensation switch
and increment the <camera velocity-to-height control signal
(five incremental steps were possible before recyclingl, and to
activate and extend or retract the camera system on its
deployment rsils. Over 2000 useful photosraphs were obtained.
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SPACECRAFT COMMON NAME- APGLLO 16 CSM
ALTERNATE NAMES- 06000

NSSDC ID- 72-031A

LAUNCH DATE- 04/16/72 WEIGHT~ 48606, KG
LAUNCH SITE- KENNEDY SPACE CENTER, UNITED STATES
LAUNCH VEHICLE- SATURN

SPONSORING COUNTRY/ZAGENCY
UNITED STATES NASA-OMSF
INITIAL ORBIT PARAMETERS
ORBIT TYPE- SELENOCENTRIC
ORBIT PERIOD- 120.0 MIN
PERIAPSIS~ 94.0 KM ALT

EPOCH DATE- 04/20/72
INCLINATION- 12.0 DEG
APOAPSIS— 120.0 KM ALT

PERSONNEL
PM - R. PETRONE NASA HEADQUARTERS

BRIEF DESCRIPTION

Apollc 16 was the fifth mission in the Apollo series in
which men landed on the moon. The ll-day scientific mission
began on April 16, 1972, at 1754 UT. (The launch was postponed
from the orisinally scheduled date, March 17, because of @
docking ring Jetvison malfunction.) Navy Capt. John W. Young
and Air Force .t. Charles K. Duke landed on the lunar surface
in the lunar medule (LM) on April 21. Navy Lt. Thomas K.
Mattingly remained 4n the command module (CM) performing
scientific experiments while {he CM was in an equatorial orbdit
abost the moon, The LM landed in the Descartes resion of the
moon at approximately 9 deg S, 16 deg E. An Apollo lunar
surface experiments packase (ALSEP)} was deplovyed on the
surfuce., terrain samples were tcquired, and photographs were
obtained by the surface sstronauts and from the CM using 16-,
35—, and ?70-mm f£ilm, 5- by 48-in. panoramic film. and 5- by
5-in. mapping film. The surface astronauts also tested the
second lunar rovins vehicle to be taken to the moon by
exploring regions within 4 km of the LM landing site. A
subsatellite carrying an experiment packsge was launched into
lunar orbit on April 24, 1972, and impacted with the moon after
425 revolutions on May 29, 1972. The Apollo 16 spacecraft was
launched on April 16, 1972, and was injected into lunar orbit
on April 19, The LM landed on the moon on April 21 and
returned to the CHM on April 24, The CM left lunar orbit on
April 26 and returneg to esrth on April 27, 1972,
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BRIEF DESCRIPTION

The handheld photosrasphy experiment included three
cemeras each on the command module snd on the lunar module. On
the CM there wes o 70-mm Hasselblad electric camera (HEC), a
l1é-mm data acquisition cameras (DAC), and s 35-mm Niken csmera.
For the lunsr surfsce, there was o 16-mm data scquisition
cemera (LDAC), and two 70-mm Hasselblsd electric cemerss (HEC),
one with @a 500-mm telephoto lens, and the other with u €0-mm
lens. The types of film used in these cemerss were J1 A-0
(spectroscopic) for the S-177 UV photosraphy experiment. SO-368
end S0-168 color films., and 3414 (LBW), 2485 (VHBHW), and 3401
black snd white films. Photosraphic tarsets on the surface of
the moon were core tube samples. 1n sity rock samples (some
stereoscopic), panoramas of the lanciin) site ares and
surroundings, alsep Iinstruments after deployment. trenches.
interesting  craters, other surface features. and field
relstionships. From orbit. the photoaraphic targsets were the
esrth end moon in UV fexperiment S-177), the lunar farside and
eastern limd resions. the solar corons st sunset and sunrise
times, the earth's 1imb during solsr eclipse, a comet if
svailable, the lunar libration region. zodiacsl lisht, the near
terminator resions of the lunsr surface, and the lunar surface
in earthshine. The varjous cameras had several different
lenses with Jdifferent focal lengths. The HEC had lenses with
focal lengths of 60, 80, 105 and °50 mm. The 35-mm camera had
8 55-mm focal lensths end the 16~mm DAC had lenses of 18- antd
10-mm focal lengtn. Seventy-five percent of the
low-11ght-level tarsets were photosraphed. Thousands of useful
photographs were obtsined.

======~ APOLLO 16 CSM, DOYLE

INVESTIGATION NAME- FANORAMIC PHOTOGRAPHY
NSSDC ID- 72-031A-02 INVESTIGATIVE PROGRAM
CODE EL

INVESTIGATION DISCIPLINE(R)
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Pl - F.J. DOYLE US GEOLOGICAL SURVEY

BRIEF DESCRIPTION

This experiment was a photosraphic task accomplished
sboerd the commsnd service nodule (CSM) 1n the scientific
instrument module bay (SIM bay). The Itek panoramic camera had
8 610-mm (24 1in.) focsl lensth lens and used 127- by 1219-mm
(5- by 48-in.) B/W 3414 film. The camera was operated
sutomstically end provided stereo-copic coverase by tilting
forward and aft on a simbal. This motion compensated for the
forward motion of the spacecraft, The purpose of the
experiment was to obtain hish-resolution (1 to 2 m) panoramic
photographs of the lunar surface ot 100-km altitude with
stereoscopic and monoscopic coveragse. The experiment will help
the principsl investigsators for the other SIM experiments to
correlate their experimental data with lunar surface terrain
features. Targets included farside features, eastern limb
sress, nearside Mariz, the LM lsnding site in the Descartes
resion. near-terminator resions (under very low-angle
1llumination providing hish relief of the terrain). and
possible Apollo 17 landing aress. Over 1400 useful photosraphs
were obtained,
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INVESTIGATION NAME~ METRIC PHOTOGRAPHY

NSSDC ID- 72-031A-03 INVESTIGATIVE PROGRAM
CUDE EL

INVESTIGATION DISCIPLINE(S)

PERSONNEL
Pl - F.J. DOYLE US GEOLOGICAL SURVEY

BRIEF DESCRIPTION

The purpose of this experiment was to obtain high-quality
metric photographs of the lunar surface taken simultaneously
with photosraphs from the steller camera. A laser altimeter.
shich was used 1in confunction with the mapping camera.
sccurstely measured the distance to the terrain belns
photosraphed for selenodetic purposes. The stellar photosraphs
provided a_curate spscecraft orjentation (sttitude) dets. The
metric camers was capsble of 20-m resolution from an orbitel
altitude of 100 xm. The metric csmers hed a 76-mm (3~in) focal
length and used 3400 B/W film, and the ¢/2.8+ 35-mm stellar
comers used 3401 B/H film. The caaera system was mounted in
the SIH bay of the CSM and operated automstically. The tarsets
were the same as those for the panoramic camera--farside
features, esstern 1imb aress, nearside maria, the LM lsndins
site, nesr-terminstor resions of low-sngle 1llumination, and
possible Apollo 17 1lsndins areas. The photographs had 78
percent overlap for each frame and 55 parcent side overlap
between consecutive revolutions. Over 2000 useful photosraphs
were obtained.
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SPACECRAFT COMMON NAME- APOLLO 17 CSM
ALTERNATE NAMES~ APOL17A. APOLLO 17A
06300

NSSDC 1D- 72-096A

LAUNCH DATE- 12/07/72 WEIGHT- 48606. KG
LAUNCH SI1TE- KENNEDY SPACE CENTER. UNITED STATES -
LAUNCH VEHICLE-~ SATURN

SPONSORING COUNTRY/AGENCY
UNITED STATES NASA-OMSF

INITIAL ORB1T PARAMETERS
ORBIT TYPE- SELENOCENTRIC EPOCH DATE-~ 12/12/72
ORBIT PERIOD- 118.0 HIN INCLINATION- 159.9 DEG
PERIAPSIS- 1833.6 KM ALT APQOAPSIS- 1864.4 KM ALT

PERSONNEL
PM - R. PETRONE NASA HEADQUARTERS

BRIEF DESCRIPTION

The Apollo 17 mission wes the sixtt snd last of the
manned luaar landins missions in the Apollo series. The
crewmen were commander Eusene A, Cernan, command module (CM)
pilot Ronald E. Evans. and lunar module (LM) pilot {(the first
scientist to 90 to the moon) Harrison H. Schmitt. The lunar
module 1m carrying astronauts Cernan and Schmitt landed on the
moon on the morning of December 11, in the Tsurus-Littrow area
at 20 de9 10 min N 30 des 48 min € and., in @& valley 11 km wide
between mountains 1500 m his! in *he north and Z000 m hish in
the southwest. This locstior 3s on the SE rim of Mare
Serenitatis. The astronauts remained on the surface for 73 h,
Astronaut Evans remajned in the CM in orbit and conducted
experiments while the others were on the surface. Astronauts
Cernan and Schmitt had a lunar roving vehicle (LRV) and rode to
distances up to about 3 km €from the LM. There were three
periods of extravehicular activity (EVA) on the surfece in
which the astronaut: deploved the Apolle 1lunar surface
experiments package (ALSEP) and conducted seclosical studies of
8 veriety of lunsr features. Oranse-colored material was found
for the first time on any of the Apollo missions. The Apollo
17 spacecraft wss launched on December 7. 1972, and was
injected into lunar o1bit on Decemver 10. The LM (72-096C)
landed on the moon on December 11 and returned to the CM on
December 14. The CM 1eft 1lunar orbit on December 16 and
returned to earth on Decembzr 19, 1972.

——————— APOLLO 17 CSMs DOYLE.

INVESTIGATION NAME- HANDAHELD PHOTOGRAPHY
NSSDC ID- 72-096A-05 INVESTIGATIVE PROGRAM
CODE EL

INVESTIGATION DISCIPLINE(S)

PERSONNEL
Pl - F.J. DOYLE US GEOLOGICAL SURVEY

BRIEF DESCRIPTIOM

The purposes of the handheld photography experiment were
1) to obtain photosraphs of lunar surface features of
scientific interest from 1lunar orbit and during translunar
coast and 2) to obtain low-brishtness photosraphs of
astronomical and terrestrial sources. The lunar surface tarset
photographs included specific sesments taken in earthshine and
low 1ight 1levels near the terminator to complement the
photographs obtained by the panoramic end metric (mepping)
cameras. Photosraphs of dim 1ight phenomens such as the
diffuse galactic 1lishi from selected ce.sstial sublects., the
solar ceoronas and the zodiacal lisht were acquired from orbit.
Comets in the appropriste combination of trajectory and
celestial  conditions were also to be photosraphed. fhe
equipmrnt used 3ncluoed a l16-mm data acquisition camera (DAC)
with en  18-mm focal lensth lens (a sextant was used with this
camers for comet photography)s s 70-mm Hasselblad electric
camera with 80-mm and 25-mm focal lensth lenses. and a 35-mm
N:knn :anoru with 8 55~mm focal lensth lens. No comets were
observed.

—~——=-~ APOLLO 17 CSM, DOVLE:

INVESTIGATION NAME- PANORAMIC PHOTOGRAPHY

NSSDC ID- 72-096A-06 INVESTIGATIVE PROGRAM
CODE EL

INVESTIGATION DISCIPLINE(S)

PERSONNEL.
Pl = F.Jo DOYLE

BRIEF DESCRIPTION

The purpose of the pancremic cemera photosraphy
axperiment was to obtain hish-resolution psnoramic photoypraphs
with stereoscopic and monoscopic coverase of the lunar surface.
These photosraphs will aic¢ the principal investigators of other
scientific instrument module (SIM) experiments in corralating
theit sensor data with deta on the lunar surface. The camera,
which has @ 24=4n. (610-mm) focal lensth, provided 1- to 2-m
resolution from an orbitel altitude of 110 kia. The cemers had

US GEOLOGICAL SURVEY
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four main components : (1) a roll freme essembly that rotated
continuousiy in the cress—track scan direction. (2} e gimbdel
sssembly that tilted fore and aft to provide stereo coversse
snd ferwsrd wotion compensation (fmc). (3) the main freme. ond
(4) @ ssseous nitrogen (GN2) pressure vessel sssemdly. The
optics systew. camers/film drive and control system. end film
cassette completed the comers system. The camers system wes
mounted in the CSM SIM bay between the two SIM shelves. It was
stored with the lens inwerd to protect it from contamination
sources. The photosrsphy was sutomatic. dut the crewmen could
activate., deactivate. and control the cemers power 3and
operstional modes. A crewman retrieved the cessette with the
pan camers photosrsphy ¢rom cthe SIM bsy on sn EVA during
transesrth coast. About 1500 photosrsphs of grod quality were
obtained.

e APOLLO 17 CSM. DOYLE:

INVESTIGATION NAME- HETRIC PHOTOGRAPHY

NSSDC ID- 72-0%6A-07 INVESTIGATIVE PROGRAM
CODE EL

INVESTIGATION DISCIPLINE(S)

PERSONNEL
P - F.J. DOYLE US GEOLOGICAL SURVEY

BRIEF DESCRIPTION

The purpose of this experiment was to obtsin hish-quality
metric photosraphs of the 1lunar surface from lunar orbit
combined with time—-correlated stellar photosrcphy  for
selenodetic/cartosraphic control. A lsser altimeter wss
operated with 1t. The equipment was 8 Fairchild 76-mm (3-in.)
focal 1lensth lens and a 74 by 74 src—sec field-of-view camers.
The camera was oriented 30 that the terrsin lens was pointed st
the nadir, while the 35-ma steller csmera lens was pointed at
the stellar field at an sn3le of 26 des from the local verticsl
and 90 des from the direction of flisht., Photosrephs were
taken with 78 percent overlsp to provide stereoscopic imasery.
Five-in. 3400 B/K f1lm was used. stored in s cassette that wss
retrieved by sn sstronaut in an EVA. The camera system.
operated automatically, was housed in the SIHM bsy of the
service module. The stellar photosraphy. using 3401 B/W fllm.
provided accurate spacecraft attitude information. The mappins
camera provided 20-m resolution from its orbital height. The
tarsets were the same 8s for the Itek panorsmic cameras.

ARBANMRNNINRAAANNRNNENURERRN ASTP-APOLLOXSaaRNNANMaNNNARENNANS

SPACECRAFT COMMON NAME- ASTP-APOLLD
ALTERNATE NAMES- APOLLO SOYUZ TEST PROJ.. SOYUZ APOLLO

NSSDC ID- 75-066A

LAUNCH DATE- 07/15/75 WEIGHT- }4856. KG
LAUNCH SITE- KENNEDY SPACE CENTER. UNITED STATES
LAUNCH VEHICLE- SATURN

SPONSORING COUNTRY/AGENCY
UNITED STATES NASA-OMSF

INITIAL ORBIT PARAMETERS
ORBIT TYPE- GEOCENTRIC EPOCH DATE- 07/18/75
ORBIT PERIOD- 88.91 MIN INCLINATION- 51.75 DEG
PERIAPSIS~ 217. KM ALT APOAPSIS~ 231. KM ALT

PERSONNEL
PM - C.M. LEE

BRIEF DESCRIPTION

The United States and the U.S.S.R. launched an Apollo
spacecraft and 8 Soyuz spacecraft, respectively, as a Joint
effort called the Apollo-Soyuz Test Project (ASTP). The Soyuz
spacecraft was lsunched first, with @ two-man crew who
maneuvered their spacecraft into a docking orbit. The Apollo
spacecraft was launched 7-1/2 h later, with a three-man crew
who placed their spacecraft into a proper configuration for
docking with the Soyuz spacecraft. The docking of the two
spacecraft occurred on the third dsy. After docking, crew
transfers took place, with the Apollc ~rav first visiting the
Soyuz. The combined Apollo-Soyuzr c-ews performed Jjoint
experiments snd presented radio and TV reports. After Joint
experiments were completed, the spacecrsft disensaged and each
continued its separate mission.

wemwwn= ASTP-APOLLO, EL-PAZ

NASA HEADQUARTERS

INVESTIGATION NAME- EARTH OBSERVATIONS AND PHOTOGRAPHY

NSSDC ID~ 75-066A-21 INVESTIGATIVE PROGRAM
CODE EE+ APPLICATIONS

INVESTIGATION DISCIPLINE(S)
EARTH RESOURCES SURVEY
METEOROLOGY
OCEANOGRAPHY

APO-10

Pl - F. EL-BAZ I1TEX CORP

BRIEF DESCRIPTION

The eobjective eof the esrtnh observations snd photosresphy
experiment of the Apollo-Soyuz Test Project was to photosrasph
varjous terrestrisl structures using man to visuelly study
earth festures snd phenomens. Eleven mapping sites and 12
visusl observing sitas were chosen in part from inputs provided
by spacislists 1n the followins disciplines: aeo:08y.
ocesnosraphy. gesert study. hydrolosy. and environmental
science. The photosrsphs of observation and mepping sites were
made with s video tspe recorder (VYR), 8 70-mm Hesselblad
reflex camera (HRC):, @ 70-mm Hesselblad dats cemera (MDC). @
35-mA Nikon camers. and 8 lé~mm dsta acquisition camers (DAC).
Resl-time television transmissiont were salso scheduled. The
“Earth Observations Book™ was the principal onboard sid, and 1%t
wes divided into three major sections. Section two pertained
to specific visusl observstionsl tarsets and was srranged
sccording to site number. For each site there was a summary
psse with e map showing revolution sround tracks followed by @
psse (one for esch tarset) that included specific questions.
appropriate diasrems and photosraphs., and camera settinss.
Studies performed included observations of major active fault
zones. river deltas. volcsnoes. ocean eddies. currents,
internsl waves, eolisn lendform. desert color, snowcover.
drainase pstterns, cloud features. tropical storms. snd sources
of stmospheric end water pollution. Further details and some
results are contained 1in the report. “Earth Observations And
Photosrsphy - Experiment MA-136." by Fsrouk E1-Baz snd D. A.
Mitchell. Apollo-Soyuz Test Project., Preliminary Scilence
Report. NASA-JSC, TH-X-58173. pp. 10.1-10.64. 1976.

~vmee—— ASTP-APOLLO. PEPIN—
INVESTIGATION NAME- STRATOSPHERIC AEROSOL MEASUREMENT
NSSDC 1D~ 75-066A-19

INVESTIGATIVE PROGRAM
CODE EE. APPLICATIONS

INVESTIGATION DISCIPLINE(S)
METEOROLOGY
UPPER ATMOSPHERE RESEARCH

PERSONNEL
P1 - T.J. PEPIN U OF WYOMING

BRIEF DESCRIPTION

The Stratospheric Aercosol HMessurement (SAM) experiment
was flown to demonstrate that solar occultation messurements by
photometer and camera can be used for determining the vertical
distribution of stratospheric aerosols. The instrument
consisted of 8 photometer and associated electronics that
provided a sichal to the command module (CM) telemetry. Solar
photographs, taken with the accompanyins camera. corroborated
the refraction model used here and for cimilar experiments on
future flights. The photometer had 8 pin diode detector with a
10-de9 field of vigw. A Hasseldblad dats camers equipped with a
specisl infrared film and filter was wused to photosraph &
series of timed spacecraft sunsets and sunrises. Immediately
before satellite nisht. as the spacecraft approached the shadow
of the earth, the line of sight to the sun passed first throush
the wupper layers of the stratosphere and then steadily down to
the lower Jlayers of the troposphere, During the 1.5 min
required for the instrument line of sight to pass throush the
lower 150 km of the astmosphere. the solsr 1intensity was
recorded by the photometer and solar disk shape changes were
recorded by the camera. The same measuring procedures were
followed when the spacecraft emersed from the darkside. From
the wmeasured wvaristion of solar intensity as a function of
total sir mass distributed alons the line of sight. the total
extinction coefficient was determined. At the effective
wavelength of the photometer and photogrephic system, the
extinctinn was produced principally by atmospheric aerosols.
and the measurements obtained were used to determine serosol
concentrations. To verify the operation of the SAM experiment,
sround truth data were obtained by a halloon-borne serosol
optical counter (dust-sonde) and a sround-based laser radur
(1ider) system. Further detajls can be found in "Stratospheric
Aerosol Measurement ~ Experiment MA-007" dy Y. J. Pepin and M.
P. McCormick., Apollo-Soyuz Test Prodect, Preliminary Science
Report, NASA-JSC, TM-X-58173., pp. 9.1-9.8, 1976.
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APPLICATIONS TECHNOLOGY SATELLITE (ATS) PROGRAM

The Applications Technology Satellite (ATS) series of NASA R&D spacecraft was designed to test
new cencepts in spacecraft design, stabilization, propulsion, and communication, and to conduct a
variety of technical applications and scientific experiments. Six ATS spacecraft were launched,
and most achieved a geosynchronous orbit; all except ATS 5 carried meteorological experiments.
On ATS 1 and 3, weather facsimile (WEFAX) communications experiments were operated. This
was a data relay system that retransmitted NOA A-processed satellite and facsimile products to APT
ground stations. On ATS 3, an Omega Position and Location Experiment (OPLE) was operaied.
OPLE was designed to demonstrate the feasibility of using the Navy Omega Navigation System in
conjunction with a synchronous satellite to establish an operational global platform for a location
and data collection system. It was the forerunner of more sophisticated data-collection experiments
flown on Nimbus 3 and 4. The experiments previously reviewed in this section are considered as
weather-communications and data-location (navigation) experiments, hence are not included in the
following descriptions of individual meteorology experiments.

The primary meteorological experimentation operated by the ATS program involved high-time-
resolution cloud imaging. Important developments included techniques to obtain wind data from
cloud tracking, the study of mesoscale storm phenomena, and surveillance of tropical storms,
nurricanes, and typhoons. A Multicolor Spin-Scan Cloudcover camera (MSSCC) operated on
ATS 3, and its black-and-white predecessor (SSCC) operated on ATS 1. These cameras utilized
the spacecraft spin in the imaging system and every 20 minutes produced imagery of the complete
disk between approximately 55 deg S and 55 deg N. Observations from the MSSCC were made in
red, blue, and green, and were combined into a multicolor image. Both cameras were designed for
daylight operation. Two Advanced Vidicon Camera Systems (AVCS), one wide- and the other
narrow-angle, were flown on ATS 2; their design was similar to the AVCS flown on Nimbus 1
and 2. Due to a spacecraft failure to obtain the desired orbit, only a very limited operation was
realized.

Imaging experiments on both ATS 4 and 6 were designed to have a day/night capability. The
image orthicon camera on ATS 4 was designed to obtain simultaneous cloud imagery in the vicinity
of the terminator where both sunlit and dark conditions were present. Unfortunately, as in the case
of ATS 2, the designed orbit was not achieved by the ATS 4 spacecraft. In addition, spacecraft
separation did not occur, and no data were obtained. A two-channel (visible and IR)
Geosynchronous Very High Resolution Radiometer (GVHRR) was successfully flown on ATS 6,

ATS-3
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and a considerable amount of data were obtained. These data have been used for cloud studies and
sea surface temperature mapping. &

ATS-4 y
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SPACECRAFT COMMON NAME- ATS 2
ALTERNATE NAMES- ATS-A, 02743

SPACECRAFT COMMON NAME- ATS 1
ALTERNATE NAMES- ATS-B. 02608

N3SDC 1D~ 66-110A NSSDC 1D~ 67-031A

LAUNCH DATE~ 12/07/66 HEIGHT- $52. KG
LAUNCH SITE- KENNEDY SPACE CENTER, UNITED STATES
LAUNCH VEHICLE- ATLAS

SPONSORING COUNTRY/AGENCY
UNITED STATES

ORBIT PARAMETERS
ORBIT TYPE- GEOCENTRIC
URBIT PERIOD- 1436.1 MIN

LAUNCH DAYE- 04/06/67 WEIGHT- 319.11 KG
LAUNCH SITE~ KENNEDY SPACE CENTER, UNITED STATES
LAUNCH VEHICLE~ ATLAS

SPONSORING COUNTRY/AGENCY
UNITED STATES

INITIAL ORBIT PARAMETERS
ORBIT TYPE~ GEOCENTRIC
ORBIT PERIOD- 218.9 MIN

NASA-0SSA NASA-0SSA

EPOCH DATE~ 02/10/67
INCLINATION~ 0.) DEG

EPOCH DATE~ 04/09/67
INCLINATION-  28.40 DEG

o

4
g

SERIAPSIS- 35782. KM ALT APOAPSIS~ 35793. KM ALT

PERSONNEL
PM - R.J. DARCEY(NLA} NASA-GSFC
PM — C.M. MACKENZIE NASA-G3FC
PS - T.L. AGGSON NASA-GSFC

BRIEF DESCRIPT1ON
ATS 1} (applications Technolosy Satellite) was desisned
and launched for the purpose of (1) testing new concepts in

spacecraft  desisn. propulsion, and stabilization, 2)
collecting high-quality cloudcover pictures and relsving
processcd meteorolosical data via an earth-synchronous
satelliite, (3) providing in situ messurements of the zerospace

environment., and (4) testing improved communicstion systems.
The spin-stebilized spacecraft was cylindrically shaped and
messured 135 cm long end 1642 cm in diameter. The primary
structural members were @ honeycombed equipment shelf and
thrust tube. Support rods extended radially outward from the
thrust tube. Solar panels were affixed to the support rods and
formed the outer walls of the spacecraft. Egquipment components
and payload were mounted in the annular space between the
thrust tube and solar panels. In addition to solar panels, the
spacecraft was equipped with two rechargseable nickel-cadmium
batteries to provide electrical power. Eight 150-cm-long VHF
experiment whip sntennas were mounted around the aft end of the
spacecraft, while eight telemetry and command antennas were
pPlaced on the forward end. Spacecraft suidance and orbital
corrections were accomplished by 2.3-k9 hydrogen peroxide and
hydrazine thrusters, which were sctivated by sround command.
The satellite was 4inftially placed at 151.16 deg W lonsitude
over the Pacific Ocean in a seosynchronous orbit. 1In general,
most of the experiments were successful., Data coverage was
nominal until about 1970, after which limited real-time data
acquisition was carried out by NOAA until the May 1974 launch
of SMS 1. Limited ATS 1 data acquisition was begun by HASA at
about that time for ATS 1 - ATS 6 correlative studies. The
spacecraft has served as a communications satellite for a
number of states federal, and public organizations up to the
present, It 4is planned to continue operations at its finai
longitude of 164 deg E until September 19835 and then move the
spacecraft out of the geostationary orbit.

m—————— ATS 1, SUOMI
INVESTIGATION NAME- SPIN-SCAN CLOUDCOVER CAMERA (SSCC)

NSSDC ID~ 66-110A-0% INVESTIGATIVE PROGRAM

CODE EE, APPLICATIONS
INVESTIGATION DISCIPLINE(S)

METEOROLOGY
PERSONNEL
Pl - V.E. SUOMI U OF WISCONSIN
oI - NESDIS STAFF NOAA-NESDIS

BRIEF DESCRIPTION

The ATS 1 Spin-Scan Cloudcover Camera (SSCC) was desisned
te provide nearly continuous observations of cloudcover
patterns over the whole sunlit earth disk. The optical system
consisted of © two-element Cassegrain-type telescope. Lisht
entering the system was reflected from @ 13.7-cm-diameter
(25.4-cm  focal lensth) primary parabolic mirror onto a flat
secondary quartz micror to produce an imsse on the fsce of an
aperture plate. The lisht then passed throush the
0.025-mm-diameter @perture and a haze filter to impinse on a
photocathode in front of » photomultiplier tube. The telescope
photomultiplisr assembly could be tilted in discrete steps from
+7.5 to -~7.5 deg to produce a north-south scan. corresponding
to an esrth coversse from 52 deg N to 52 dey S, The
east-to-west scan was provided by the spin of the satellite
itself. Twenty minutes were required to scan one picture, and
2 min to retrace it at a nominsl satellite rotation of 100 rpm.
From 4ts seosynchronous orbit the camera system had & sround
resolution of better than 4 km at the subsatellite point. The
experiment was highly successful throush October 16. 1972, For
8  1isting and description of the different forms of
photosraphic dats available ¢rom ¢this ecxperiment snd their
location, see the ‘“Msteorolosicel dats catslos for the
Applications Technology Satellites® (TRF B09264)., available
through NSSDC.

PERIAPSIS~ 178. KM ALT APOAPSIS~ 11124, KM ALY
PERSONNEL

PM -~ J.M. THOLE(NLA) NASA-GSFC

PM - R.J. DARCEY(NLA) NASA-GSFC

PS - T.L. AGGSON NASA-GSFC

BRIEF DESCRIPTION

ATS 2 (Applications Technology Satellite) was = medium
altitude, gravity-gradient-stabilized spacecraft designed to
(1) test new concepts in spacecraft desisn, propulsion, and
stabilization, (2) take high-quality cloudcover pictures, (32}
provide in situ measurements of the aerospace environment, and
4) test improved communication systems. The
cylindrically-shaped spacecraft messured 142 cm in dismeter and
183 cm in length. The spacecraft structure consisted primarily
of 8 corrugated thrust tube with honeycombed dbulkheads secured
to each end. Equipment components and payload were externally
mounted on the outer surface of the thrust tube as well as on @
structure that s1id into the dinterlor of the thrust tube.
Electric power was provided by two solar srrays mounted on
either end of the spacecraft's outer shell and by two
rechargeable nickel-cadmium batteries. Extending radially
outward from the side of the spacecraft were four 28.2-m,
adjustable gravity-gradient booms. The spacecraft telemetry
system consisted of four 2.1-W transmitters (two at 136.47 MHz
and . two at 137.35 MHz), ia @addition to @& microwave
communications experiment. The second stage of the ATS 2
launch wvehicle failed to 1snite, resulting in an upplanned
elliptical orbit. Stresses induced by this orblt eventually
induced spacecraft tumblins. In spite of these conditions,
useful data were obtained from some of the experiments, most
notably the cosmic-ray and particle experiments and the field
detection experiments. The satellite reentered the atmosphere
on September 2, 1969.

—o==—== ATS 2, OSTROW
INVESTIGATION NAME- ADVANCED VIDICON CAMERA SYSTEM (AVCS)

NSSDC ID- 67-031A-10 INVESTIGATIVE PROGRAM
CODE EC

INVESTIGATION DISCIPLINE(S)
METEOROLOGY

PERSONNEL
PI - H. OSTROW NASA-GSFC

BRIEF DESCRIPTION

The ATS 2 Advanced Vid' .on Camera System (AVCS) was a
modified version of the AVCS wused on Nimbus 1 sand 2. The
camera  system was desiosned to provide nearly continuous
cloudcover pictures from . medium orbit,
sravity-gradient-stabilized spacecraft. The system consisted
of a tape recorder and two cameras: one low-resolution,
wide-angle (50 deg) camerss and one high-resolution,
narrow-angle (3 des) camera. The wide-angle camera (12~mm
lens) was capable of viewing the full earth disk with a ground
resolution of about 18 km at nadir from a planned satellite
hefght of 11,000 km. The narrow-angle camera (200~mm lens)
viewed selected sections of the sarth with a sround resolution
of about 1 km at nadir, Esch camera was equipped with
2.5¢-cm-diameter vidicons. A video frame consisted of 6.25 s
of scan (800 1lines). Concurcent with shutter actustion, o
16-increment sray scale was included at the edse of each
picture es # contrast check. The wide-sngle camera was
proyrammed to take earth-cloud pictures at 10-min intervals and
the narrow-angle camers at 5-min intervals. The sequencing was
timed so that only #2 single camera operated at any one time.
Data from both cameras were read out either directly or stored
on 8 four-trsck tape recorder ftup to 56 pictures) for
subsequent playback to a sround dats scquisition station.
Becsuse the second stase of the launch vehicle failed to
ignite, ATS 2 fajled to achieve its planned circular orpit,
thus resulting in a highly elliptical orbit und subsequently
limiting the usefulness of the collected data. Only 33 useful
pictures were provided by the wide-angle camerd. and 19 from
the nsrrow-ansle camera. The last useful data were transmitted
on July 19, 1967,
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SPACECRAFT COMMON NAME~ ATS 3
ALTERNATE NAMES~ ATS-C, 03029

NSSDC 1D~ 67-111A

LAUNCH DATE- 11/05/67 WEIGHT~ 365.0 KG
LAUNCH SITE- KENNEDY SPACE CENTER. UNITED STATES
LAUNCH VEHICLE- ATLAS

SPONSORING COUNTRYZAGENCY
UNITED STATES NASA-0SSA

ORBIT PARAMETERS
ORBIT TYPE- GEOCENTRIC
ORBIT PERIOD- 1436.8 MIN

EPOCH DATE- 01/08/68
INCLINATION- 0.45 DEG

PERIAPSIS~ 35776. Kd ALT APOAPSIS- 35812, KM ALT
PERSONNEL

PM - C.M. MACKENZIE NASA-GSFC

PS - T.L. AGGSON NASA-GSFC

BRIEF DESCRIPTION

ATS 3 (Applications Technolosy Satellite) was one of a
series of spacecraft designed to demonstrate the utility and
feasibility of a8 wvariety of technological and scientific
activities that could be carried out by an earth-syachronous
spacecraft. Of the 11 experiments on board., 8 were
technological engineering experiments concerned with
navigation. communications, and spacecraft operation and
equipment. Two of the remaining experiments were photographic
imaging experiments that could produce near real-iime daylight
pictures of the earth-atmosphere system. The remaining
experiment was an ionospheric beacon. The spin-stabilized
spacecraft Wwas cylindrically shaped and measured 180 cm in
lenath and 142 cm in dismeter. The primary structural members
were a honeycombed equipment shelf and thrust tube., Support
rods extended radially outward from the thrust tube and were
affixed to solar panels which formed the outer walls of the
spacecraft. Equipment components and pavload were mounted in
the annular space between the thrust tube and solar panels. 1In
addition to solar panels, the spicecraft was equipped with two
rechargeable nickel-cadmium batteries to provide electrical
power. Eight 150-cm VHF experiment whip antennae were mounted
around the aft end of the spacecraft, while eight telemetry and
command  whip antennae were placed on the forward end.
Spacecraft guidance and orbital correctiocns were accomplished
by 2.3-ks hydrogen peroxide and hydrazine thrusters. which were
activated by ground command. Initially placed at 48 deg W
longitude over the Atlantic Ocean in a seosynchronous orbit,
the satellite position 1later varied between 45 and 95 deg W
longitude in support of meteorological operations. In generals
the various experiments have been successful.

——————— ATS 3, BRANCHFLOMWER:
INVESTIGATION NAME- IMAGE DISSECTOR CAMERA (1DC)

NSSDC 1D~ 67-111A-03 INVESTIGATIVE PROGRAM
CODE EC

INVESTIGATION DISCIPLINE(S)
METEOROLOGY

PERSONNEL
Pl - G.A. BRANCHFLOWER(NLA) SPAR AEROSPACE

BRIEF DESCRIPTION

The ATS 3 Image Dissector Camera (1IDC) was a camera
system designed to (1) test the feasibility of using electrical
scanning techniques in an earth-cloud camera and (2) provide
daylight cloudcover data on a real-time basis with full earth
coverage. The camerz was mounted with its optical axis
perpendicular to the spacecraft spin axis in such a manner that
the camera preduced a scan line with each revolution of the
spacecraft. The direction of the scan, north to south or east
to west, was determined by sround command. The image dissector
tube consisted of & visible wesvelensth electrically scanning
photocathode, a 0.018-mm scanning asperture, and s 12-stage
electron multiplier. Light entering the camera was focused on
the face of the photocathode, causing »hotoelectrons to be
emitted from the surface in proportion to the number of
impingins 1light photons. The emitted photoelectrons were
propelled past the sperture by means cf an external magnetic
deflection coil. After passing through the aperture, the
signal current was amplified by the 12-stage multiplier. The
sisnsl was further amplified and then transmitted at 28 KHz to
& sround acquisition station. The 2.54-cm image dissector tube
had a resolution capability of 1300 TV 1ines, which, st nominal
spacecraft altitude, corresponded to a sround resolution of
about 7 km ot nadir. Successfully flown for the first time,
the IDC system on ATS 3 served as a8 orototype for similar
experiments on Nimbus 3 snd 4. The camers performed normally
until May 1969, when the IDC system was beset by erratic
spacecraft antenna performance. Routine data ecquisition
cessed after May 30, 1969, The IDC system, slthough still
capable of operation, was 1eft in an operationally off mode
since that time except for periodic ensineering tests. For a
1isting and description of the different forms of photosraphic
data avsilable from this experiment, see *he “Meteorolosical
Data Catalog for the Applications Technelosy Satellites® (TRF
B09264), available ¢rom NSSDC. Data cen he obtsined through

SDSD.
——-~=-—= ATS 3, SUOMI

INVESTIGATION NAME- MULTICOLOR SPIN-SCAN CLOUDCOVER CAMERA
(MSSCC)

INVESTIGATIVE PROGRAM
CODE EE, APPLICATICNS

NSSDC ID- 67-111A-01

INVESTIGATIOM DISCIPLINE(S)

METEOROLOGY
PERSONNEL
PI - V.E. SUOMI U OF WISCONSIN
O] - R.S. PARENT U OF WISCONSIN

BRIEF DESCRIPTION

The ATS 3 Multicolor Spin-Scan Cloudcover Camera (MSSCC)
represented ] significant advance over a similar but
monochromatic spin-scan camera on ATS 1. The MSSCC was mounted
with 1ts optical axis perpendicular to the spacecraft's spin
axis and viewed the earth throush a special aperture in the
spocecraft’'s side. The camera consisted of a high-resolution
telescope. three photomultiplier 1light detectors (red, blue,
and g9reen), and a precision latitude step mechanism. Light
entering the system was focused alternately on a set of three
0.038-mm aperture plates and then passed throush varjous
filters to 1impinse on the appropriate photodetector. The
telescope multiplier assembly could be tilted in discrete steps
to provide pole-to-pole coverage in 2400 scan 1lines.
East-to-west scan was provided by the spin of the satellite
itself. A total time of 24 min was required to scan one frame
and 2.4 min to retrace with a nominal satellite rotation of 100
rpm.  From its sgeosynchronous orbit, the camera had a ground
resolution of better than 4 km at nadir. The experiment was
successful, with ATS 8 being the first spacecraft to transmit
operational multicolor earth-cloud photographs. Approximately
3 months after launch, however, the red and blue channels
fatled, and the system subsequently was limited to produ-ing
black-and-white pictures. Good quality black-and-white
pictures were received daily until December 11, 1974, when
operations were curtailed to three pictures s week. Experiment
operation was completely discontinued on October 30, 1975. For
a listing and description of the different forms of
photographic data, see thz "Meteorological Data Catalog for The
Applications Technology Satellites™ (TRF B09264), available
from NSSDC. Data can be obtained through SDSD.
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SPACECRAFT COMMON NAME- ATS 4
ALTERNATE NAMES- ATS-D, PL-683A
03344

NSSDC 1D~ 68-068A

LAUNCH DATE- 08/10/uv8 WEIGHT- 305. KG
LAUNCH SI1TE- KENNEDY SPACE CENTER. UNITED STATES
LAUNCH VEHICLE- ATLAS

SPONSORING COUNTRYZAGENCY
UNITED STATES NASA-0SSA

INITIAL ORBIT PARAMETERS
ORBIT TYPE- GEOCENTRIC
ORBIT PERIOD- 93.92 MIN

EPOCH DATE- 08/22/68
INCLINATION-  29.04 DEG

PERIAPSIS- 219. KM ALT APOAPSIS~ 726, KM ALT
PERSONNEL

PM - J.M, THOLE NASA-GSFC

PS - T.L. AGGSON NASA-GSFC

BRIEF DESCRIPTION

ATS 4 (Applications Technology Satellite) was @»
sravity-gsradient-stabilized spacecraft designed to (1) test new
concepts 4in spacecraft design, propulsion. and stabilization,
(2) take high-quality cloudcover pictures, (3) provide in situ
messurements of the aesrospace environment, and (4) test
improved communication systems while in an earth-swvnchronous
orbit., The cylindrically-shaped spacecraft measured 142 cm in
diameter and 183 cm in 1length. The spacecraft structure
cohsisted primarily of a corrugsated thrust tube with
honeycombed  bulkhesds secured to each end. Equipment
components and pavioad were externally mounted on the outer
surface of the thrust “ube as wall as on 3 structure that slid
into the interior of the thrust tube. Electric power was
provided by two solar arrays mounted on either end of the
spacecraft's outer shell and by two rechargeable nicksl-csdmium
batteries. Extendins radially outward from the side of the
spacecraft were four 28.2-m-lons adjusteble gravity-sradient
booms. The spacecraft telemetry system consisted of four 2.1-W
transmitters, (two at 136.47 MHZ snd two at 137.35 MHz), in
sddition to & microwave communicstions experiment. The second
stage of the launch vehicle failed to isnite, and the planned
synchronous orbit was not aschieved. The spacecrsft and its
Centaur booster rocket were left attached tosether in a parking
orbit. In spite of an anomslistic attitude, some of the
experiments did perform successfully before the satellite and
its attsched booster reentered the esrth's atmosphere on
October 17, 1968, The primary objective of insertins a
sravity-gradient-stabilized spacecraft into a8 seosynchronous
orbit was not sccomplished.
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------- ATS 4, MOODY

INVESTIGATION NAME- IMAGE ORTHICON (DAY/NIGHT) CAMERA

NSSDC ID- 68-068A-03 INVESTIGATIVE PROGRAM
CODE EC

INVESTIGATION DISCIPLINE(S)
METEOROLOGY

PERSONNEL
PI - J.C. MHOODY

BRIEF DESCRIPTION

The ATS 4 imase orthicon (day/nisht) camera was designed
to determine the feasibility of simultaneous day/night imagins
of cloudcover patterns from an earth-synchronous spacecrsft.
The camera, whosze optical axis was oriented perpendicular to
the spacecraft's spin avis, viewed the earth through a special
aperture in the spacecraft's side. Camers optics consisted of
a two-axis steerable primary mirror, an objective lens, a beam
splitter, a photomultiplier tube (pmt), a mechanical sun shade,
w0 varigble density filter wheels, and a 5.08-cm-diameter
orthicon tube. The two density filters operated in conjunction
with the pmt to asutomatically regulate the amount of lisht
striking the highly 1ight-sensitive orthicon tube. The sun
shade was 8lso controlled by the pmt and protected the image
orthicon camera from sccidentally peinting the optics toward
the sun. The optics were steersble by ground command. Steps
of 0.1 deg throush an ansle of plus or minus 11.2 deg in both
pitch 8nd roll were possible. Thus the camera could track
areas of meteorological interest, knowing the spacecraft
altitude and location of the desired viewinsg area, The camera
had a 3-deg field-of-view, which corresponded to an earth
coverage of approximately 1700 sq km, with a horizontal
resolution of better than ¢ km at nadir. Full earth coverase
could be achieved by taking @ series of overlapping pictures.
The data were to be transmitted (60 kHz) in near real time.
ATS 4 failed to achieve its planned Seosynchronous orbit. The
booster rocket remsined attached to the spacecrsft and hindered
attitude control. Due to the spacecraft's anomalistic
sttitude, ne pictures were obtained although telemetry did
indicate that the system was workins.

NASA~GSFC
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SPACECRAFT COMMON NAME-~ ATS 6
ALTERNATE NAMES- PL-71A, ATS-F
7318

NSSDC 1D~ 74-039A

LAUNCH DATE- 05/30/74 WEIGHT- 930. KG
" AUNCH SITE- KENNEDY SPACE CENTER, UNITED STATES
LAUNCH VEHICLE- TITAN

SPONSORING COUNTRY/AGENCY
UNITED STATES NASA-0SSA

INITIAL ORBIT PARAMETERS
ORBIT TYPE- GEOCENTRIC
ORBIT FERIOD- 1436.3 MIN
PERIAPSIS- 35763.0 KM ALT

PERSONNEL

EPOCH DATE- 05/31/74
INCLINATION- 1.8 DEG
APOAPS1IS- 35818.0 KM ALT

PM — C.M. MACKENZIE NASA-GSFC
M - J.M. THOLE(NLA) NASA-GSFC
PS - E.A. WOLFF(NLA} NASA-GSFC

BRIEF DESCRIPTION

The primary objectives of ATS é (Applications Technology
Satellite) were to erect in orbit a large high-gain steerable
antenna structure capable of providing a good-quality TV signal
to a ground-based receiver and to measure and evaluate the
perfarmance of such an antenna. A secondary objective was to
demonstrate new concepts on space technology in the areas of
aircraft control, laser communications, and visual and infrared
mapping of the earth/stmosphere sysiem. The spacecraft was
also capable of (1) measuring radio frequency interference in
shered frequency bands and propagation <characceristics of
millimeter waves, (2) performing spacecraft-to-spacecraft
communication und tracking experiments. and (3} making particle
and radiation measurements of the geosyrchronous environment.
Configured somewhat like an opeh parasol, the ATS 6 spacecraft
consisted of four malor assemblies: (1) a 9,15-m-diameter dish
antenna, (2) two solar ¢ell paddles mounted at right angles to
each other on opposite sides of an upper equipment module, (3)
an earth-viewing equipment module (EVM) connected by a tubular
mast to the upper equipment module, and (4) an attitude control
and stabidization system. The EVM., in addition to housing the
earth-viewing experiments, provided support for the propulsjon
system and tanks, batteries, a multifrequency transponder, and
the telemetry, command, and thermel control systems. The upper
equipment module provided a platform ¢or the space-viewing
experiments., Inertis wheels were the prime means for torquing
the spacecraft, with both hydrazine and ammonia multijet
thruster systems included to provide the necessary torques for
unloading the wheels. Alsc included was 8 small environment
messurement package containing a MAG and several particle
experiments., The satellite was turned off on June 30, 1979 and
boosted into a hisher orbit, For detailed descriptions of the
spacecraft and of the individual experiments. see the IEEE

ATS-7

Trans. on Aerosp. Electron. Syst., v. AES-11, n. 6, Noverber,
1975, and also the "ATS-6 Final Engineering Performance
Report,” NASA. RP-1080, Wash.» D.C.. Novemder, 1981 (TRF
B33477).

mmmemae ATS 6+ SHENK:

INVESTIGATION NAME- GEOSYNCHRONGUS VERY HIGH RCSOLUTION
RADIOMETER (GVHRR)

NSSDC 1D~ 74-039A-08 INVESTIGATIVE PROGRAM
CODE EC

INVESTIGATION DISCIPLINE(S)

METEOROLOGY
PERSONNEL
P1 ~ W.E. SHENK NASA-GSFC
O - A.W. MCCULLOCH NASA-GSFC
0l - I..L.. GOLDBERG NASA-GSFC

BRIEF DESCRIPTION

The Geosynchronous Very Higsh Resolution Radiometer
(GVHRR) experiment provided both day and night cloudcover data
for determining cloud motions, tropical and extratropical storm
11fe cycles, and mesoscale phenomenz. They were also used for
cloud c¢limatolosy studies. The GVHRR had one infrared channel
(10.5 to 12.5 micrometers} and one visible channel (0.55 tc
0.75 micrometers). The instantaneous field of view was 3.0E~4
rad for the infrared channel (10.8~km resolution at
subsatellite point) and 1.5E~4 rad for the visible channel
(5.4-km resolution at subsatellite point). The dynamic range
for the infrared channel was from 0 to 340 deg K and 1 to 100%
albedo for the visible channel. The infrared channel had a
noise equivalent temperature difference of 1.5 des K at 200 des
K and 0 5 des K at 300 deg K. Data from this experiment were
used to determine surface temperatures and horizontal wind
vectors based on cloud motions derived from sequential images
farmed by both channels of the GVHRR. The experiment became
inoperable on August 15, 1974. For further details see Shenk,
M. E.» et al., IEEE Trans. on Aerosp. Electron., Syst., v.
AES-11, n. 6, p. 1095, November 1975.
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BHASKARA PROGRAM

Bhaskara is an experimental remote sensing program conducted by India. Two spacecraft have
been launched from a U.S.S.R. launch vehicle into a 525-km, near-circular orbit, one in June
1979, and the other in November 1981. Designated as part of India's Satellite-for-Earth-
Observation (SEO) Program, each of the two Bhaskaras carried two black-and-white television
cameras and a passive microwave radiometer. The cameras provided high-resolution (1 km)
images of cloud/earth surface during daytime passes over India. The applications of TV images are
meteorology and land mapping for forests, water bodies, and earth physiography; namely,
mountain ranges and river basins with various degrees of vegetation. The radiometer provided
data on sea surface temperatures, sea surface winds, and atmospheric water vapor and liquid water
contents for passes over the Arabian Sea and the Bay of Bengal.

Some engineering experiments, as well as a data collection system to collect meteorological data

from remotely located platforms, were also aboard the spacecraft. Each spacecraft was designed
for a 2-year lifetime, and the performance of Bhaskara 2 was better than expected.

BHA-3
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SPACECRAFT COMMON NAME- BHASKARA
ALTERNATE NAMES- GEO, 11392

NSSDC 1D~ 79-051A
LAUNCH DATE-~ 06/07/79 HWEIGHT- 444, KG

LAUNCH SITE~ KAPUSTIN YAR, U.S.S.R.
LAUNCH VEHICLE- INTRCOS

SPONSORING COUNTRY/AGENCY
INDIA ISRO
U.S.8.4. INTERCOS

INITIAL ORBIT PARAMETERS

ORBIT TYPE- GEOCENTRIC EPOCH DATE-~ 06/07/79

ORBIT PERIOD~ 95.2 MIN INCLINATION- 50.7 DEG
PERIAPS]S~ 512. KM ALT APOAPS1S~ 557. KM ALT
PEP.SONNEL

ISRO SATELLITE CENTER
SPACE APPLICATIONS CTR
SPACE APPLICATIONS CTR

PD - K. KASTUR IRANGAN
PS - D.P.N.CALLA
PS - G. JOSEPH

BRIEF DESCRIPTION

Bhaskars was the second Indien satellite (the first was
Aryabhata with 3 nonmeteorological experiments). It was
launched as part of the satellite-for-earth-observations (SEO)
program, and was placed in orbit by o Soviet vehicle launched
from @ Cosmodrome in the U.S.S.R. The main obJjectives were to
conduct earth observation experiments for spplications related
to hydrolosy, forestry, and seolegy using a two-band TV camera
system, and to conduct ocean-surface studies wusing a
two-frequency satellite microwave “adiometer (SAMIR) system.
Secondary objectives were to test engineering and data
processing systems, to collect limived meteorological date from
remote platforms. and to conduct scientific investisa.dons in
X~-ray astronomy. Bhaskara was © 26-faced quasi-spherical
polyhedron. It had a height of 1.66 m, and a diameter of 1.55
m. Named after the two “Bhaskaracharvas."
sstronomer-mathematicians of ancient India., the satcllite was
formally turned off 4in March 1981. Information and data are
svailable from the Spsce Application Centre., Ahmedabad, India.

——————— BHASKARA, CALLA
INVESTIGATION NAME- SATELLITE MICROMAVE RADIOMETER (SAMIR)

INVESTIGATIVE PROGRAM
APPLICATIONS

NSSDC 1D- 79-051A-01

INVESTIGATION DISCIPLINE(S)
EARTH RESOURCES SURVEY

PERSONNEL

PI - O.P.N,.CALLA SPACE APPLICATIONS CTR
BRIEF DESCRIPTION

ihe objectives of this investigation were to conduct

studies over the Indian subcontinent and surroundins seas using
L} 19- and 22-GHz microwsave rsdiometric sysiem. Spatial
resolutions were 150 km for the 19-GHz channel, and 230 km for
the 22-GHz channel. Swath widths were 300 km ana 230 km.
respectively.

------- BHASKARA, JOSEPH-
INVESTIGATION NAME- TV CAMERA

INVESTIGATIVE PROGRAM
APPLICATIONS

NSSDC 1P~ 79-051A-02

INVESTIGATION DISCIPLINE(S)
EARTH RESOURCES SURVEY

PERSONNEL
Pl - G, JOSEPH

BRIEF DESCRIPTION

The obiectives of thiz investisstion were to conduct
earth  observstion studies for applicstions related to
hydrolosy, forestry, and seoclosy using two television cameras
operating in visible (0.54~ to O0.¢5-micrometer) and
near-infrared (0.75- to 0.85-micrometer) wavelensths. About
one vear of visible imagsez were collected.

SPACE APPLICATIONS CTR

WesnEnNNYENNEN NN D usunnannn BHASKARA 24nu MTTTTT]

SPACECRAFT COMMON NAME- BHASKARA 2
ALTERNATE NAMES- 12968, SAT. FOR EARTH 0BS. 2
SEO0 2

NSSDC 1D~ 81-115A
LAUNCH DATF- 11/20/81

LAUNCH SITE- KAPUSTIN YAR. U.S.S.R.
LAUNCH VEHICLE- C~1

WEIGHT - 444, KG

SPCHSORING COUNTRYZAGENCY
INDIA ISRO

INITIAL ORBIT PARAMETERS

ORBIT TYPE- GEOCENTRIC EPOCH DATE- 11/20/81

ORBIT PERIOD-  95.2 MIN INCLINATION- 50.6 DEG
PERIAPS]IS~ 520. KM ALT APQOAPSIS~ 542, KM ALT
PERSONNEL

ISRO SATELLITE CENTER
SPACE APPLICATIONS CTR
SPACE APPLICATIONS CTR

PD - K. KASTURIRANGAN
PS - 0.P.N.CALLA
PS - G. JOSEPH

BRIEF DESCRIPTION

Bhaskara 2 was lounched @2 part of India‘'s
Sstellite-for-Earth-Observations (SEO) program. It was placed
in orbit by s Soviet vehicle launched from a Cosmodrome in the
U.S.S.R. The main objectives were to conduct earth observation
experiments for applications related to hydrology. forestry,
and  seology using a two-Tv-camera system,» and to conduct
ocean-surface studies using 8 three-frequency satellite
microwave radiometer (SAMIR) system. Secondary objectives were
to test ensineering and dats processing svstems, and to collect
limited meteoroclosical data from remote pletforms. Bhaskara 2
was a 26-faced quasi-spherical polyhedron. It had a height of
1.66 m, end = diameter of 1.55 m. The satellite was named
after the two “Bhaskaracharyads,” astronomer-mathematicians of
ancient India. 1Information snd data are available from the
Space Application Centre. Ahmedabad, India.

~-~==-~ BHASKARA 2+ CALLA--
INVCSTIGATION NAME- SATELLITE MICROWAVE RADIOMETER (SAMIR)
NSSDC ID- 81-115A-02

INVESTIGATIVE PROGRAM
APPLICATIONS

INVESTIGATION DISCIPLINE(S)
METEOROLOGY
OCEANOGRAPHY

PERSONNEL

PI -~ O.P.N.CALLA SPACE APPLICATIONS CTR
BRIEF DESCRIPTION

The objectives of ¢this {investigation were to conduct

studies over the Indian subcontinent and surrounding seas using
a 19.35-, 22,235-, and 31.0-GHz microwave radiomet~ic system
Tre system monitored the chanses in microwave radiation from
the sea surface., vielding information on the sea state and the
sea surfac2 temperature.

------- BHASKARA 2. JOSEPH:

INVESTIGATION NAME~ DUAL TV CAMERA

INVESTIGATIVE PROGRAM
APPLICATIONS

NSSDC ID- 81-115A-01

INVESTIGATION DISCIPLINE(S)
EARTH RESOURCES SURVEY

PERSONNEL

PI - G. JOSEPH SPACE APPLICATIONS CTR
BRIEF DESCRIPTION

The obJjectives of this investigation were to conduct

earth observation studies for spplications related to
hydrolosy, forestry, and geolosy using two television cameras
operating in visible (0.54~ to 0.66-micrometer) and
near-infrared (0.75~ to 0.85-micrometer) wavelengths. Each
picture frame had an area of 325 x 325 km. with a resolution of
1 km, Thousands of imases were collec’ed in both visibie and
infrared wavelenstrs. Subsequent to a component malfunction.
the camera operatiny in the visible band was shut down about
two months after launch.
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COSMOS SATELLITE PROGRAM

The Cosmos (or Kosmos) satellite series is a long, continuing series of U.S.S.R. satellites with
1837 having been successfully launched between March 1962 (Cosmos 1) and April 1987. Tae
Cosmos name is given to a wide variety of satellite missions and types. Known to have been
included are military missions, scientific missions, engineering tests, planetary launches that were
mission failures, and prototypes for navigation, communications, manned flights and extra-
terrestrial planetary satellites. The great majority of flights have been military missions, but there
have been a large number of scientific missions. These scientific missions have included
experiments related to meteorology, aerenomy, ionospheric physics, energetic particles, magnetic
fields, biology, and nonterrestrial planetary sciences. A number of the Cosmos meteorological
satellites are known to have been of a reconnaissance type mission with a relatively short lifetire.
Their payloads often included a data capsule that was designed to be physically recovered
subsequent to its separation from the satellite and reentry through the atmosphere.

A1 least 16 other Cosmos satellites were closely related to the development, early operation,
testing, and demonstration of a prototype meieorological satellite system (Meteor 1). Cosmos 122
was the first officially announced meteorological satellite and wa - the first U.S.S.R. weather
satellite to provide data for the conventional weather communications circuits to the U.S. Several
of the early Cosmos meteorological satellites were prototype operational vehicles for the
subsequenrt Meteor 1 system. The orbits and hardware of Cosmos 144 and 156 (and their
replacements) were planned with orbit precession and imaging field-of-view to receive data from
half the earth's surface during a 24-h period, thus requiring two satellites to obtain once-per-day
global observations of cloud cover. Cosmos 149 and 320 included prototype narrow-angle
scanning telephotometers to measure the earth's radiation in the visible and near-IR regions and the
window regions of 8 to 12, and 10.5 to 11.5 micrometers. Cosmos 384 used a microwave
sensing instrument to obtain information about sea ice under all weather conditions, day or night.
An increasing emphasis on oceanographic observations continued with the launch of Cosmos
1076. It was launched on February 12, 1979, to obtain operational information about the world's
oceans using visible, infrared, and microwave sensor data.

Table 4 lists Cosmios satellites launched prior to 1976, which had, or were likely to have had,
payloads useful for meteorolngical purposes. The first U.S.S.R. operational meteorological
satellite (Meteor 1-1) is included in the table to provide perspective. Prior to Cosmos 226, most of
the listed spacecraft usage has been verified as closely related to the development of meteorological
satellites. After 1976, virtually no information other than orbital characteristics has been found to

COS-3
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NSSDC
D

62-014A
62-033A
62-048A
63-010A
63-011A

63-050A
64-053A
64-055A
65-014A
65-029A

65-083A
65-106A
66-038A
66-054A
66-057A

COSMOS
NUMBER

TABLE 4

SELECTED COSMOS LAUNCHES*

LAUNCH
DATE

04-29-62
07-28
09-27
04-13-63
04-22

12-13
08-28-64
09-13
02-26-65
04-17

10-16
12-17
05-11-66
06-17
06-25

INACTIVE OR
REENTRY DATE

04-29-62
08-01
10-01
08-29-63
04-27

03-27-64

09-18
04-25-65

10-24

06-25-66

ORBIT INFORMATION

alp
(km)

317-285
369-210
358-301
512-265
371-173

613-240
860-618
327-206
659-581
342-210

353-212
650-650
640-640
354-210
625-625

Launched prior to 1976 and likely to be of importance to meteorological programs

Estimates of satellite weight (kg), dimension in meters (dia. length), and shape are coded according to the

following key (Ref. King-Hele, 1983).

CODE WEIGHT DIA-LENGTH
Al 4750 24-43
A2 5530 24 -5.0
A3 5700 24-5.0
Ad 5900 24-59
AS 6300 24 -6.5
B1 400 12-28
B2 400 12-18
B3 300/400 12-6.5
B4 550 1.5-18
Cl 2000 1.5-5
C2 2200 15-5
C3 2500 15-5
C4 — 1-3
C5 1440 26-38
D 1.5
COS-4

SHAPE

Sphere + cylinder
Sphere + cylinder
Sphere + cylinder
Sphere + cylinder
Sphere + cylinder

Ellipsoid
Ellipsoid

inc
(deg)

65
65
65
49
65

49
65
65
65
65

os|

Ellipsoid + annular tail
Oclagonal ellipsoid

Cylinder + 2 vanes or pancls

Cylinder

Spheroid + paddles
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TABLE 4 .

o x v

SELECTED COSMOS LAUNCHES®* (continued)

VT

NSSDC COSMOS LAUNCH INACTIVE OR ORBITINFORMATION  REMARKSt
D NUMBER DATE REENTRY DATE ap inc u
km) (g (min)
67-018A 144 02-28-67 (09-14-82) 625625 $1 97 C1
67-024A 149 03-21 04-07-67 297-248 48 90 D s
67-039A 156 04-27 — 630630 81 97 C1 ;
67-102A 184 10-25 — 635635 81 97 C1 .
67-104A 185 10-27 01-14-69 888-522 64 99 D
i

68-019A 206 03-14-68 S — 630-630 81 97 C1 ;
68-049A 226 06-12 10-07 650-603 81 97 C1 :
68-060A 232 07-16 07-24-68 352202 65 90 A2 .
63-080A 243 09-23 10-04 319210 71 90 A4
68-111A 258 12-10 12-18 325210 65 90 A2 £
69-029A  (METEOR 1-1)  03-26-69 — 687633 81 98 C2
70-005A 320 01-16-70 02-10-70 342240 49 90 D 2
70-105A 384 12-10 12-22-70 314-212 73 89 A4 E
70-113A 389 1218 0 e 699-655 81 98 C3
72-020A 481 03-25-72 09-02-72 540279 71 92 B2 f
72-028A 485 04-11 08-30 506-28-1 71 92 B1 ;

G 4 72-033A 487 04-21 09-24 531278 71 92 BI 3
72-048A 497 06-30 11-07 812-282 71 95 Bl *
72-050A 498 07-05 11-25 511282 71 92 B2 :
72-078A 523 10-05 03-07-73 507-283 71 92 B2
72-084A 526 10-25 04-08 511-282 71 92 B2
73-004A 545 01-24-73 07-31 521279 71 92 B2
73-020A 553 04-12 11-11 519-282 71 92 B2
73-029A 558 05-17 12-22 526279 71 92 B2
73-035A 562 06-05 01-07-74 510282 71 92 B2
73-057A 580 08-22 04-01 518283 71 92 B2
73-091A 608 11-20 07-10 528281 71 92 B2
73-099A 615 1213 12-17-73 859-260 71 96 B2
74-010A 633 02-27-74 10-04-74 516280 71 92 B2
74-047A 662 06-26 — 838-282 71 96 B2
74-058A 668 07-25 02-21-75 519-281 71 92 B2
74-075A 686 09-26 05-01 303208 71 92 B2
74-076A 687 10-11 02-05-78 698-286 74 94 B4
74-091A 695 11-20 07-15-75 493283 71 92 B2
74-106A 701 12-27 01-09-75 314-170 71 89 AS
75-002A 702 01-17-75 01-29 313205 71 90 A3
75-006A 705 01-28 11-18-76 524-281 M1 92 B2
75-026A 725 04-08 01-06 508-283 71 92 B2
75-058A 745 06-24 03-12 540274 71 92 B2

‘ 75-067A 750 07-17 09-29-77 830-281 71 95 B2

COS-5
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aid in identification of U.S.S.R. Cosmos series satellites that were used for meteorological
observations. The orbital characteristics are available along with estimates of spacecraft shape and
weight in King-Hele et al., “"The RAE Table of Earth Satellites 1957-1982," Wiley-Interscience.
Over 60 spacecraft launches between January 1977 and December 1984 were found to have orbital
characteristics that were similar to the previously launched spacecraft shown in the table.
Descriptions of a few of these Cosmos spacecraft and experiments are included as typical
examples.
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sungununs COSHOS 1Z2NNEAEENENRANUNNNENRUENE communication. The TV imases received by these sround stastions
were processed and trensmitted to the Hydrometeorolosical
Center 4n Moscow., where they were snslyzed and used in vsrjous

SPACECRAFT COMMON NAME- COSMOS 122 forecast and snalysis products. The pictures were archived at
ALTCRNATE NAMES- KOSMOS 122. 02254 the Hydrometeorclosical Center. The Cosmos 122 camerss.
slthoush having 2.5 times the resclution of those carried on
NSSDC ID- 66~-057A the ESSA sstellites, could not provide continuous overlepping
slobal coversse as do the ESSA cameras owing to the lower orbit
LAUNCH DATE- 06/25/66 HEIGHT- KG of the Cosmdos 122 sateilite (620 km compared tu 1400 km).
LAUNCH S TE- YTYURATAM (BAIKONUR COSMODROME). U.S.S.R. Thus. to close the ssps 1n coverase. at lesst two sstellites
LAUNCH VEHICLE- A~ were required in the westher satellite system. In sddition,
cloudcover mosaics were produced from 10 or more individual
SPONSORING COUNTRY/AGENCY cloudcover pictures at the Hydrometeorolosical Center to
U.S.S.R. SAS provide 8 more comprehensive view of 8lobsl westher systems.
Some of the 13individual pictures send the cloud mosaics were
INITIAL ORBIT PARAMETERS transmitted to vsrious foreisn meteorologizal centers as part
ORBIT TYPE~- GEOCENTRIC EPOCH DATE-~ 06/25/66 of sn internstional meteorological dsts exchanse program. The
ORBIT PERIOD- 97.12 MuN INCLINATION-  65.14 DEG United States recelved some of these pictures ot the National
PERJAPSIS~ 683. KM ALT APOAPS IS~ 657. KM ALT Environmental Satellite Service (NESS) in Suitland, Marylsnd,
vis the “cold 1line” facsimile link with Moscow. Plictures were
PERSONNEL transmitted ¢o NESS ¢rom September 11. 1966. throush October
PM - UNKNOWN SOVIET ACAD OF SCI 26, 1966. These pictures were archived at NESS for 1 yr and
PS - UNXNOWN SOVIET ACAD OF SC1 then. unless of wunusual interest., were discarded. The
experiment terminated operations in October 1966.
BRIZF DESCRIPTION
Cosmos 122 wss the first announced Russian meteoroclosical e==—=—— COSMOS 122, UNKNOWN-
sstellite and the last in a series of pratotype meteorolosical
satellites that 1ncluded Cosmos 44. 58. :00, and 118. It was INVESTIGATION MAME- SCANNING HRIR
the 1last metecrolosical satellite launched from the Tyuratsam
site with an  A-1 lsunch wvehicle at a8 65-des orbital NSSDC ID- 66-057A-02 INVESTIGATIVE PROGRAM
inclination, and 4§t provided s transition from the prototype APPLICATIONS
series to the Cosmos “Meteor™ experimental weather satellite
svystem, Cosmos 122 was orbited to test meteorolosicsl INVESTIGATION DISCIPLINE(S) %
instrumentaticn designed for obtaining imases of cloud cover, 3
snow cover, and ice flelds on the day snd nisht sides of the PERSONNEL s
earth and for measuring fluxes of outgcing rsdistion reflected PI - UNKNOWN SOVIET ACAD OF sCI a
and radisted by the earth-atmosphere system. The N
instrumentation consisted of (1) two vidicon cameras for BRIEF DESCRIPTION b
daytime cloudcover pictures, (2) a high-resolution scanning IR The Cosmos 122 hish~resolution scanning IR radiometer was F o
radiometer for njshttime and daytime imagsing of the earth and desisned to make measuraments of cloud distribution and snow }
clouds, and (3) an array of narrow- and wide-angle radiometers and ice cover on the dayside and nightside of the earth. The N
coverinsg the 0.3- to 3-. 8- to 12-, snd 3- to 30-micrometer radiometer measured the outgoing radistion from the i
channel for measuring the intensity of radiation reflected from earth-atmosphere system in the 8- to 12-micrometer atmospheric g_
the clouds and oceans, the surface temperatures of the esrth window. Measurements made 4n this spectral resion permitted H
and c¢loud «ops. and the total flux of thermal enersy from the construction of brightness pstterns of the thermal relief and ¥
esrth-atmosphere system intoc  space. raspectively. The determination of equivslent radiation temperatures of the N
satellite was 1in the form of a large cylindrical capsule, S m earth's surface and  cloud tops. The 4instrument was a -
lons and 1.5 m 4n diameter. Two large solar cell panels of narrow-2ngle scanning radiometer with an instantaneous viewing ¢
three segments esch were deployed from opposite sides of the ansle of 1.5 by 1.5 deg. It was mounted in the base of the H
cylinder after satellite separation from the launch vehicle. satellite in @ sealed instrument compartment with its optical +
The solar panels were rotated to constantly face the sun during axis directed along the local vertical and toward nadir. The ®
satellite daytime by means of 8 sun sensor controlled drive radiometer measured the intensity of the outsoing radiation by £
mechanism fitted 1n the top end of the center body. The comparing the earth’s radistien flux with the radiation flux 2
meteorclogical instruments were housed in a hermetically sz2aled from space. Each type of radiation entered the radjometer £
compartment locsted in the lower part of the capsule., while the through separate windows, which were oriented in mutually
basic satellite servicing systems were contained in a special perpendicular directions. The rsdiation from the N
hermetically sealed compartment 4in the upper part of the earth-atmosphere system fell onh a plane scanning mirror that &
capsule. Data were transmitted to earth st a frequency of 90 was mounted at an ansle of 45 des to the satellite velocity B
MHz by mesns of @ steerable high-gsain parasbolic antenns that vector and scanned throush an ansle of plus or minus 50 deg N
was sttached to the center section of the satellite body by @ $rom nadir. The radiation was reflected from the scanning a5
lons arm. The satellite was triaxially stabilized by a series mircor throush a stationary modulating disk and filter window 4
of inertisl flywheels, driven by electric motors, whose kinetic onto & parabolic mirror that focused the parallel beam through G
energy was dampened by torques produced by electromagnets 8 mwmovable modulating disk onto a thermistor bolometer. The .
interacting with the earth's magnetic €ield. Cosmos 122 was stationary and movable modulating disks provided the channel I
oriented by earth sensors with one of its axes directed switching, sending first the earth-satmosphere radiation and ﬁ
sarthward alons the locsl vertical., a second oriented along the then the space radiation to the parabolic mirror and finally to i
orbital wvelocity vector. and a third oriented perpendicuiar to the bolometer. The bolometer converted the radiant flux into
the orbita) plane. This orientation ensured that the optical variable electric voltages (0 to 6 V) whose frequency was equal Iy
axes of the instruments were constantly directed earthward. to the modulator frequency and whose magnitudes were -
Cosmos 122 ceased operations in late QOctober 1966. proportional to the differences in the radiant flux intensities &
between earth and space developed a* the bolometer output, .
— COSMOS 122+ UNKNOWN- During the movement of the scanning mirror throusin 8 plus or h
minus 40-des sector. line scanning (40 lines/min) of the tarset ¥
INVESTIGATION NAME- DUAL VIDICON CAMERAS ares was accomplished in @ plane normal to the orbital plane v
using & forward and back path, while scanning along the flight
NSSDC 1D~ 66-057A-01 INVESTIGATIVE PROGRAM path was provided by the relative motion of the satellite with $
APPLICATIONS respect to the earth. 1In each scan, with the indicated viewing -
and scanning angles from the satellite’s arbital altitude. the &
INVESTIGATION DISCIPLINE(S) radiometer recorded the mean radiation intensities from a band ke
about 1100 km wide with & resolution of about 15 km at nadir to %
PERSONNEL about 24 to 27 km at the edses. The radiometer was capable of ;v
PI - UNKNOWN SOVIET ACAD OF sSCl measuring radistion temperatures within 2 to 3 deg for o
temperatures shove 273 des K and within 7 to 8 des for 7
BRIEF DESCRIPTION temperatures below 273 des K. The video signals were amplified i
The Cosmos 122 dual vidicon camera expezriment was and sent either to the satellite memory wunit for later :
designed to test the capability of Russien weather satellites transmission or to the radiotelemetry unit for direct .
to provide daytime pictures of the earth's cloudcover transmission to esrth, depending on whether the satellite was
distribution, local storms, and vlobal weather systems for use beyond o7 within the zone of radio communication with a ground
by the Soviet Hydrometeorulogsical  Service The receiving station, respectively. Tnhe sround receivers recorded
instrumentation consisted of two ijdentical vidicon camerss that the transmitted data in digital form on magnetic tape and
were mounted in the satellite base and were directed toward the simultaneously on 80-mm photographic €ilm in the form of a
esrth.  Each camera viewed a 500- by 500-km area -- one to the brightness image of the thermal relief of the earth-atmosphere v
left and the other to the risht of nadir -- with a resolution cystem, The data on magnetic tape were processed by computer ¥
of 1.25 km at nadir from a satellite altitude of €00 to 700 km. st the Soviet Hydrometeorologicei Center and were used to .
The cameras took 2 one-frame imase Of the earth's cloud cover produce a disital map of the equivalent radiation temperature a
with slisht overlapping of successive frames to provide field with » superposed seosraphic grid. The photosraphic ¢ilm &
continuous coverase. The cameras switched on automatically any was developed and processed into an IR picture also with a .
time the sun was more than 5 des sbove the horizon. Because superposed  srid. The pictures were archived at the .
the earth 4llumination varied so much, asutomatic sensors Hydrometeorological Center. Some of these pictures were [
adjusted the camera apertures to produce hish-quality pictures transmitted to various forelign meteorological centers ss part §
under a variety of illumination conditions. The imagse formed of an international meteorological data exchange program. The %
by each vidicon tube elther was transmitted directly to the United States received these pictures at the National :
sround 1¢ the satellite was in radio contact with one of two Environmental Satellite Service (NESS), Suitland, Maryland. via 4
sround stations or was recorded on masnetic tape for later the "cold 1line" faccimile 1link with Moscow. Plctures were i
transmission 4f the satellite was Ddeyond the zone of radio transmitted to NESS from mid~September until late Qctober 966, H
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These IR pictures were kept at NESS for lyr and then. unless of
unusual dnterest. were discarded. The experiment terminated
operations in Dctober 1%66.

————— COSMOS 122, UNKNOWN-

INVESTIGATION NAME- ACTINOMETRIC INSTRUMENT
NSSDC 1D~  66-057A-03 INVESTIGATIVE PROGRAM
APPLICATIONS

INVESTIGATION DISCIPLINE(S)

PERSUNNEL
Pl - UNKNOWN SOVIET ACAD OF SCI

BRIEF DESCRIPTION

The Cosmos 122 asctinometric experiment was designed to
measure o) the outsosns lonswave radistion (3 to 30
micromoters) from the earth-atmosphere system, (2) the outsoing
nesr UV. wvisible, and near IR solar radistion (0.3 to 3
micrometers) reflected and backscattered by the
earth-ataosphere system. and (3) the effective radistion
temperature of the esrth's surface #nd cloud tops (8 to 12
micrometers). The instrumentation consisted of four
rediometers: a3 bpasir of scanning. nerrow-angle. two-chsnnel
radiometers and 4 pair of nonscanning. wide-angle. two-channel
rsdiometers. The narcow-sngle {4 by 5 de9 field of view (FOV))
radiometers measured radiation in all three spectral bands.
while the wide-snsle (136 to 140 deg FOV) radiometers operated
only 1in the 0.3~ to 3~ snd 3~ to 30-micrometer bands. In the
nsrrow-snsle radiometer, the 0.3~ to 3-micrometer band was
meacured in one channel and the 8- to 12~ snd 3~ to
30-micrometer bsnds were combined in the second chasnnel. 1In
the second channel, the two bands were separsted by the
exchanse of corresponding filters as the radiometer scanned in
slternate directions. The earth radiation entered the
narrow-ansle rsdiometer throush a cylindrical fairins (KRS-5
crystal) and fell onto 3 conical scannins mirror. +he
rsdistion was reflected from the mirror throush a three-lobed
rotating mirror chopper that modulated the radiation flux at a
frequency of 80 Hz. The chopper slternately reflected earth
rsdiation sand space rsdiation, which entered through s separate
KRS~-5 crystal window. onto one of three openings in a color
filter wheel -- one filter for each spectral band. The
particular spectral band that was psssed throush then fell on
an (‘f-axis parabolic swirror that focused the radiation flux
ont’ a bolometric receiver. Periodic callbration was made when
the scanning mirror moved to & 90-deg angle from nadir with
simultaneous turning on and viewins of g silicon standard lemp.
The 0.3- to 3-micrometer channel did not use the two-beam
system or filter switching. The output from the modulated flow
of rsdiation on the bolometer was amplified, rectified.
filtered, and fed into the radio-telemetry system over elsht
channels. The wide-angle radiometers had fdentical optical
systems for both channels. The earth radiation entered the
radiometer throush a hemispherical shell composed of quartz or
KRS-5 crystal with a coating that deternined the passband., The
radiation was then modulsted with 8 frequency of 64 Hz and fell
on & bolometric receiver. As in the nsrrow-angle radiometers.
the bolometer output was processed and fed into the
radio~telemetry system. The wide-angle radiometer was
standardized simultaneously with the narrow-angle radiometers
by the input of 3 standard 64-Hz cslibrating frequency into the
amplification circuit. The relative rms measuring error for
both types of radicmeters wes about 0.5%. Yo provide a backup
cepability. one wide-angle and one narrow-angle radiometer were
held 3in reserve and could have been activated on command from
the ground. The orientation of the Cosmos 122 satellite
insured that the primary optical axes of the radiometers were
oriented vertically downward toward nadir. The survey of the
earth's surface bSy both radiometers was carried out by the
motion of the sstellite relative to the earth. In adadition,
the narrow-angle radiometer scanned 66 des to either side cof
nadir in a plane normal to the orbitel plane by rocking the
scanning mirror about the optical axis, The rediometers
covered a strip ebout 2500 km wide vn the earth's surface and
hsd 8 sround resolution of 50 km at nadir. The data were
reduced at the sround stations and were transmitted in binery
form to the Hydrometeorolosical Center in Moscow: where they
were recorded in digitsl form on masnetic tape and were used to
produce various analysis products such as earth-atmosphere
albedo charts snd rasdiation tempersture maps. The data were
archived at the Hydrometeorological Center. Some of these
charts were transmitted 4in sraphicsl form to various foreisn
meteorological centers, including the National £nvironmental
Sstellite Service (NESS), Suitland, Maryland. These
actinometric charts were received at NESS via the “cold 1ine"
facsimile link with Moscow from mid-August 1866 until lete
October 1966. The churts were microfilmed and archived at the
Netional Climatic Dats Center (NCDC), Asheville, North
En;:linn. The experiment terminated operstions in October
966.

BANNERRANNARAT MU RACAUNRNENR COSMOS  14ONMURRNUNUENNRRNNARR AN

SPACECRAFT COMMON NAME- COSMOS 149
ALTERNATE NAMES- KOSMOS 149, 02714

COs-8

NSSDC 1D~ 67-026A

LAUNCH DATE- 03/21/67
LAUNCH SITE- KAPUSTIN YAR. VU.S.S.R.
LAUNCH VEHICLE~ B-1

WEIGHY- 300. KG

SPONSORING COUNTRY/AGENCY
U.S.S.R. SAS

INITIAL ORBIT PARAMETERS
ORBIY TYPE- GEOCENTRIC
ORBIT PERIOD- 89.76 MIN

EPOCH DATE- 03/23/67
INCLINATION-  48.40 DEG

PERTAPSIS~ 243. KM ALT APOAPSIS- 285. KM ALT
PERSONNEL

PH - UNKNOWN SOVIET ACAD OF SCI

PS - UNKNOWN SOVIET ACAD OF SCI

BRIEF DESCRIPTION

Cosmos 149 was the thirteenth Russian experimental
meteorological satellite, the third announced meteorolcogical
satellite. and the third launched from the Kspustin Yar site.
The satellite. which wes basically an orbiting optical station
and equipped with (1) two medium-resolution, narrow-angle.
three-channel scanning telephotometers operstins in the visible
spectral region to determine the statistical values of cloud
fields and surface formations. ¢loudtop heights., and
atmospheric water vapor content, f(2) a Ahish-resolution,
nsrrow-angle, IR  radiometer operating in the 8- to
12-micrometer window to determine surface and cloudtop
temperatures. 3 s pair of three-channel. wide-ansle
radiometers to determine the radiative balance of the
esrth-atmosphere system, and (4) & television camers system to
provide cloudcover pictures for correlation with the radiation
deta. The satellite was in the form of a domed cylinder with
an annulsr basse and was 6.5 m long and 1.2 m in diameter.
Mounted in the top of the domed nose section of the spscecraft
was one of the telephotometers., which scsnned in a plane
perpendicular to the fligni path. The other telephotometer was
mounted on the left side of the cylindrical center section and
scanned alons the €light path. The television System was
housed in the side of the domed nos2 section. and its optical
axis was directed parallel to nadir. The radiation balance
sensor units were attached to booms that telescoped out from
the lower and upper sides of the satellite base. The lower
sensor unit faced nadir, snd the upper one viewed in the zenith
direction. Alsc attached to the base. by means of four long
bars: was an ennulsr dynamic 8ir stabilizer. This was the
first time such en aerogyroscopic System had been emploved for
satellite stabjlization., =and it was capable of providing an
orientation 1in space with an error less than 5 deg relative to
the three coordinate axes. The satellite's orientation was
also regulated with rather high accuracy from the measurements
made by the scientific instruments themselvis. The orientation
and stabilization systems made it possible to relate data to
geosraphical location with an sccuracy of 10 to 15 km at nadir.
All the instruments opersted in either of two modes: (1) the
“continuous cycle mode" or (2} the “dita storins mode." The
satellite instrumentation included a prosramming and timing
device for controlling the various units and the telemetry
system 1in both the data storage mode gnd the continuous cycle
mode. The satellite transmitted data at 90 MHz via an antenna
mounted on the upper side of ¢the satellite base. The
temperatures of the varjous {astruments were monitored by
resistance thermometers, and the data were used to resulate the
temperature and to  asdjust the results of the basic
measurements. In senersl, the equipment worked as planned.
However, problems with the stabilization system developed
during the early part of the flight. This resulted 1in
satellite roll about the longitudinal sxis and, consequently.
the smount of data scquired was relatively limited. Cosmos 149
reentered the earth’s atmosphere on April 7. 1967, sfter 17
days in orbit.

------- COSMOS 149, FARAPANOVA
INVESTIGATION NAME- THREE-CHANNEL WIDE-ANGLE RADIOMETERS

NSSDC ID- 67-024A-03 INVESTIGATIVE PROGRAM

APPLICATIONS
INVESTIGATION DISCIPLINE(S)

PERSONNEL
Pl - G.P. FARAPANOVA SAS~-1PA
Ol ~ B.P. KOZVREV SAS-1PA
0! - E.F. KLIMCHUK SAS-1PA
Ol - A.l. PASHKOV SAS-1PA

BRIEF DESCRIPTION

The Cosmos 149 three-channel, wide-ansle rediometer
experiment was drsisned to determine the slobal distridution of
the balance between 1incoming solar radiation and outsolng
terrestriasl and reflected solar radiation. The instrumentation
conszisted of two three-channel wide-ansle (180 des) radiometers
that were placed in special containers to provide optical and
thermal dsolation from the satellite. They were mounted on
telescoping booms that extended from opposite sides of the
satellite Dase, with one directed toward the zenith and the
other toward nadir. Each radiometer contained three radistion
thermocouples, which measured the totsl radistion €lux in the
shortwave (0.3 to 3 micrometers), nesr-IR (0.8 to 3
micrometers), and lonswave (3 to 30 micrometers) spectral
bands. Each radiation thermocouple, in turn. consisted of a
xenon-filled balloon that was covered by a hemispherical
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filter, with s rsdiation receiving area and the thermopiles
mounted below on 8 lead base. The filters determined the
passbend for esch channel: & UV-sless filter for the shortwave
channel, & no. 3 IR-slass filter for the nesr~IR channel. snd s
no. 5 crystal filter fer the lonswave channel. The radistien
receiving sres was divided into the inner snd outer aress. The
inner ares was disc-sheped, wss costed with blsck snd white
paint. d wes attsched to the hot thermopile jJunctions. The
outer ares was annular, was also costed with black and white
paint, but wes attached to the cold thermopile junctions.
Platinue resistance thermometers were located nesr the cold
Junctions and  hemisphericel filters to monitor their
temperstures. The earth-oriented rediometer measured solar
iation in the 1lonswave and shortwave channels and space
rasdistion or channel noise in the nesr-IR channel. The
esrth-oriented unit, however., did not remsin in the planned
orientation. Instead. the optical axes of the radiometers were
directed st 2n angle to the horizon and measured the sum of
fluxes from both the satellite body and the earth. During the
initial phase of the flisht. when the setellite was opersted in
an oriented state, the solar flux messurements were used to
estimate the efficiency and relisbility of the dats from the
earth-oriented radiometer and to determine the satellite
orientation with respect to the sun. After satellite roll had
developed and the orientstion system was disconnected, however,
the zenith-oriented radiometer received radistion from zenith
to nadir during one rotastion of the setellite snd measured the
relected solsr, incident solar, outsoing terrestrial thermal,
and spsce radiation. The sensitivity of the shortwave and
lonswave channels in this rsdiometer decreased sraduslly by 40%
during the ¢irst 10 days of the mission. The radiometer
resolution wss such that at nadir the radiometer averaged the
radistion being emitted from 8 circuler sres of 100 ka radius.
In the continuous cycle (direct transmission) mode, data were
obtained over a2 4-s observing period with continuous
repetitions, while &n the memory (delayed transmission) mode
the cbserving period was 8 s long with 3 3-min pause. Owing to
the problem of satellite rotation. the volume of date acquired
was small but was considered to be quite reliable. Results
indicated that the rsdiation balance during daytime for optimal
solar elevations varied in the range 0.5 to 0.7 cal/sq cm-min.
A similar experiment was flown on Cosmos 320.

------- COSr0S 149, GORODETSK1Y

INVESTIGATION NAME~ NARROW-ANGLE IR RADIOMETER

NSSDC ID- 67-024A-02 INVESTIGATIVE PROGRAM

APPLICATIONS
INVESTIGATION DISCIPLINE(S)

PERSONNEL
Pl - A.K. GORODETSKI1Y SAS-IPA
0l - M.S. MALKEVICH SAS-1PA
Ol - E.F. KLIMCHUK SAS-1PA

BRIEF DESCRIPTION

The Cosmos 149 narrow-angle IR radiometer experiment was
designed to determine surface asnd cloudtop temperatures by
measuring the outgoing radiation 4n the 8~ to 12-micrometer
window. The instrumentation consisted of a high-resolution.
narrow-ansle, nonscanning IR radiometer with a 2- by 4-des
field of view. The radiometer was mounted with its optical
axis directed along the 1local vertical when the satellite
assumed its normal orientation. The radiometer scanned the
earth owing to the prosression of the satellite along its
orbital path. The main components of the radiometer were (1) a
parabolic mirror with @ 30-mm focal length, (2} a chopper, (3)
an interference filter, (4) a 1- by 4-mm bolometer platform,
(5) @ thermistor., and (6) blinds. Radiation from earth and
space entering the radiometer was combined by the mirror,
modulated by the chopper, passed through the interference
filter, and focused on the bolometer. The signal was smplifled
znd sent either to the telemetry system for direct transmission
or to a recerding device. A thermistor was mounted on the
radiometer casing to determine the instrument temperature,
which sllowed the data to be corrected based on the temperature
dependence of the radiometer sensitivity. Blinds with a set of
diasphragms 1in front of the lenses were used to reduce the
effect of lateral exposure. In the continuous cycle mode, the
radiometer had ® 4-sec cycle observing period with continuous
repetitions, while in the memory mode the odservation interval
was 8 s with & 3-min pause, During the latter part of the
flight, the stadility of the instrument Zero level was tested
as the satellite rotated about its longitudinal axis. When the
optical axis of the radiometer was in the plane of the locsl
horizon., radistion from space reached both inputs and was used
as a zero reference signal in most of the messurements. The
instrument Zzero was stable and remajned at its cslibration
value. Laboratory celibration indicated that the radiometer
was capable of measurins radistion temperatures with an error
of no more than 1 deg for 250 to 320 deg K and 2 to 3 desy for
200 to 250 des K. The rather hish spatial resolution of the
radiometer (10 to 15 km st nadir) made it possible to observe
the details of the thermal structure of the cloud cover and to
estimate the problems involved in determining the temperature
of the underlyins surface. This high accuracy also made it
possible to determine the contribution of the aerosol component
to the transformetion of the thermal radistion emitted from the
earth's surface and the lower laver of the atmospliere. The
radiometer worked as planned. However, after & few days in
orbit, problems with the setellite stebilization caused the
gatellite to roll sbout its lonsitudinal axis and limited:- the
amount of useful dats scauired.

COS-9

~ COSNOS 149, MALKEVICH-

INVESTIGATION NAME- THREE-CHANNEL NARROW-ANGLE
TELEPHOTOMETERS

NSSDC ID- 67-024A-01 INVESTIGATIVE PROGRAM

APPLICATIONS
INVESTIGATION DISCIPLINE(S)

PERSONNEL
Pl ~ M.S. MALKEVICH SAS-IPA
0l - V.I. SYACHINOV SAS-1PA
oI ~ L.G. ISTOMINA SAS~-1PA

BRIEF DESCRIPTION

The Cosmos 149 three-chsnnel, narrow-ansle telephotometer
experiment was desisned primerily to measure quantitatively the
ansular, spatial. and spectral parameters of the structure of
cloud flelds, aerosols., and the underlyine surface that
determine the radistion field of the earth. Secondary goals
were to wmessure reflected solar radiation in various sections
of the spectrus in order to determine cloudtop heights and to
test the feasidbility of determining the mass of atmospheric
water vapor from measurements in the 0.72-micrometer water
vapor absorption band. The instrumentation consisted of two
three-channel, medium-resolution telephotometers that scanned
in two mutuslly orthogonal planes and produced two photometric
profiles of the esrth's brishtness field in narrow intervals of
the vissble spectral resion. They both operated in the
intensity range of 0.5 to 70 mW/sq cm-ster-micrometer, and each
had s 3-deg field of view. The first telephotometer (TF-3A)
was mounted on top of the nose section of the satellite and
scanned perpendicular to the flight trajectory. It measured
the intensity of reflected solsr rsdiation in narrow bands
centered at 0.3¢» 0.47. snd 0.74 micrometer. The second
telephotometer (TF-3B) was mounted on the left side of the
cylindrical center section and scanned along the flisht
trajectory. It measures the intensity of reflected solar
radiastion in the absorption ULands of water vapor (0.76
micrometer) and molecular oxygen (0.75 micrometer) and In the
comparison band of 0.74 micrometer. Radiation first entered
the telephotometer through a synthetic quartz protective cap,
was reflected from s plane scanning mirror that scanned in @
circuler motion, and passed through a protective tubulsr
diaphragm consisting of 1400 blackened tubes 50 mm lons and
with & é-mm inner dismeter. The radiation then passed through
one of three interference filters on to one of four openings in
a rotating programming disk. The programming disk performed
four successive operations during the measurement cvcle: (1) it
sllowed each channel to record 1its own zero level, (2) it
opened the aperture for low light flux measurements from earth,
space. sun, and satellite stabilizer, (3) 1t allowed the
viewing of @8 brightness standard for sensitivity calibration,
and (4) 1t inserted a neutral attenuation filter for comparison
measurements of the radiation fluxes. The radjation fluxes
that were passed throusgh the prosrsmming disk aperture fell on
one of three photomultipliers, whose outputs were smplified and
went efther to the telemetry system for direct transmission or
to a recording device. Esch cycle of measurement besan with
the scanning mirror positioned so that the optical axes of the
three chanrels deviated from the zenith by 15 deg. The cycle
consisted of two full revolutions of the scanning mirror and
lasted 3.6 s. Complete cycles were repeated continuously when
the experiment was in the direct transmission mode; while in
the memory mode, the cycles were separated by 3-min intervals.
Each cycle provided 100 individual measurements of radiation at
maximum sensitivity and 100 comparison measurements made with
the neutral attenuating filter. After the first few cycles on
the first orbit, the absolute sensitivity of the
telephotometers fell off and thelr zero levels besan to vary.
The decline in sensitivity for TF-3A was caused by a flash of
sunlisht overloading the photomultiplier, particularly in the
0.74-micrometer channel. By the third orbit, the sensitivities
were s0 degraded that reference signals were no longser recorded
and data on terrestrial brightness were not religble. All
three channels of TF=3B» however. produced terrestrial
brishtness profiles throushout the 1life of the experiment.
despite considerable veriation (up to 30X) in the sbsolute
sensitivity, The error §&n the measurement of absolute
terrestrial brightness for these channels plus the 0,34~ and
0.74-micrometer channels of TF-3A  for characteristic
intensities was less than 5% and no more than 2% for weak
sisnals. The cross sections of the scanning bands st nadir
from an asverase setellite altitude of 265 km were sbout 20 km
wide and 30 km apart. When tite optical axis of the instrument
was shifted from nadir through an angle of more than 30 deg,
the gress of successive scans overlapped and independent
information was obtained. The ground resolution of the
telephotometers wss 10 to 15 km at nadir. Problems with the
seatellite orientation and stabilization systems further limited
the emount of useful data obtained., A similar experiment was
flown on Cosmos 320.

~=m=me= COSMOS 149, UNKNOWN:
INVESTIGATION NAME- TV CAMERA SYSTEM

ORIGINAL PAGE rg
OF POOR QUALITY

. g

23

B O

LS

-

7

g AN g,
*

il

o
!

&

a1

'

3

3
é




vy,

NSSDC ID- 67-024A-04 INVESTIGATIVE PROGRAM

APPLICATIONS
INVESTIGATION DISCIPLINE(S)

PERSONNEL
Pl -~ UNKNOKN SAS~-IPA
BRIEF DESCRIPTION
The Cosmoz 149 TV camera system provided cloud-over and
esrth pictures for wuse 1in anslysis of the various measured
quantities of the radiation field of the esrth-atmosphere

system obtsined by the other three experiments (i.e.,» @
three-channel telephotometer and a narrow-ansle and @
wide-angle IR radiometer). The camera, which was mounted in

the lower side of the domed nose section. had 1ts optical axis
directed alons nadir and produced television pictures with a
30~deg fleld of view at nadir. At the same time., the camers
save & picture of the ¢transition 2zone between the earth's
stmosphere and space in four directions. This allowed visual
control of the sstellite’'s orientation. The system worked ss
planned. However. spacecraft stsbilization problems limited
the amount of useful data beins collected.

SN NN NN NN NN COSMOS 155600 0000 150000 0000000055 0000 0 Y
SPACECRAFT COMMON NAME- COSMOS 156
ALTERNATE NAMES~ KOSMOS 156, 02762
NSSDC ID- 67-039A

LAUNCH DATE- 04/27/67

LAUNCH SITE- PLESETSK. U.S.S.R.
LAUNCH VEHICLE- A-1

WEIGHT- KG

SPONSORING COUNTRY/AGENCY
U.S.S.R. SAS

INITIAL ORBIT PARAMETERS

ORBIT TYPE~ GEOCENTRIC EPOCH DATE- 04/28/67

ORBIT PERIOD- 96.96 MIN INCLINATION- 81.17 DEG

PERIAPSIS~ 593. KM ALT APOAPS1S~ 635, KM ALT
PERSONNEL

PM - UNKNOWN SOVIET ACAD OF SCI

PS ~ UNKNOWN SOVIET ACAD OF SCI

BRIEF DESCRIPTION

Cosmos 156 wWas the fourth  announced Russian
meteorolosical satellite snd the second interim operstional
westher satellite in the experimental “Meteor™ system. It was
slso the second launch of a semi-operational weather satellite
from the Plesetsk site into a near-polar. near-circular orbit.
Unlike the U.S. MWesther satellites, however, the orbit was
prosrade (not sun-synchronous) because, as a result of
seosraphic limitations, @ retrosrade orbit was not possible.
Cosmos 156 was orbited to test. in a semi-operational mode,
meteorological 1instruments desisned for obtaining imagses of
cloud cover. snow cover, and ice fields on the day and nisht
sides of the earth and for measuring fluxes of outgoins
radiation reflected and radiated by the wearth-atmosphere
system. This instrumentstion consisted of (1) two vidicon
cameras for daytime cloudcover pictures, (2) a high-resolution
scanning IR radiometer for nishttime and davtime imasine of the
esrth and clouds, and (3) an array of narrow- and wide-angle
radiometers covering the 0.3- to 3-, 8- to 12-, and 3- to
30-micrometer channels for measurins the intensity of radiation
reflected from the clouds and oceanss the surface temperstures
of the earth and cloud tops, and the total flux of thermal
eneray from the earth-stmospheres system into space.
respectively. The satellite was in the ¢form of a larse
cvlindrical capsule, 5 m lons and 1.5 m in diameter. Two larse
solar cell pasnels of four sesments each were deployed from
opposite sides of the cylinder after satellite sepsration from
the launch vehicle. The solar panels weare rotated to
constantly face the sun during sstellite daytime by means of @
sun-sensor-controlled drive mechsnism fitted in the top end of
the center Dbody. The meteorolosical instruments, s
magnetometer, 465-MHz radio sentennas, and orbital control
devices were housed in a hermetically sealed cylinder located
on the earthwsrd-facing end of the cylindrical satellite body.
The satellite was triaxislly stabilized by a series of inertial
flywheels, driven by electric motors, whose kinetic enersy was
dampened by torques produced by electromagnets interacting with
the earth's masnetic field. Cosmos 156 was oriented by sarth
sensors with one of its axes directed earthward alons the locsl
vertical, s second oriented slons the orbitsl velocity vector,
and a third oriented perpendicular to the orbitel plane. This
orientation ensured that the optical axes of the instruments
were constantly directed vertically esrthward alons the nadir.
Khen two of the “Meteor” system satellites were in operation at
the same time in near-polar orbits and with suitadle
differences in the lonsitudes of the sscending nodes, dats
could be received from one-helf the esrth's surface in a 264-h
period. It is believed that the satellite ended operstions in
late Ausust 1967, as indicsted by the termination of deta
transmission to the United States via the “cold 1ine™ facsimile
1ink with Moscow.

COs-10

==ecwee COSMOS 156, UNKNOKN:

INVESTIGATION NAME- DUAL VIDICON CAMERAS
NSSDC ID- 67-03%A-01 INVESTIGATIVE PROGRAM
APPLICATIONS

INVESTIGATJON DISCIPLINE(S)

PERSONNEL
Pl -~ UNKNOKN SOVIET ACAD OF SCI

BRIEF DESCRIPTION

The Cosmos 156 dual vidicon camers experiment was
designed to test the capability of Russian weather sotellites
to provide daytime pictures of the earth's cloudcover
distribution, 1locsl storms, and slobal weather systems for use
by the Soviet Hydrometeorological Service. The instrumentation
consisted of two i1dentical vidicon csmerss that were mounted in
the sastellite base and were directed toward the earth. Esch
camers viewed a3 500~ by 500-km area, one to the left and the
other to the right of nadir, with a resolution of 1.25 km at
nedir from s satellite altitude of 600 to 700 km. The cameras
took a one~frame image of the earth's cloud cover with slight
overlapping of successive frames to provide continuous
coveragse. The comeras switched on automatically any time the
sun was more than 5 des above the horizon. Because the esrth
1llumination varied so much, sutomatic sensors sdiusted the
camers apertures to produce hish-quality pictures under a
variety of illumination conditions. The image formed by each
vidicon tube either was transmitted directly to the sround if
the satellite was in radio contact with one of two sround
stations or wss recorded on magnetic tape for later
transmission 4f ¢the satellite was beyond the zone of radio
communication. The TV images received by these ground stations
were processed and transmitted to the Mydrometeorological
Center in Moscow. where they were analyzed and used in verjous
forecast and analysis products. The pictures were archived at
the Hydrometeorological Center. The Cosmos 156 cameras,
although having 2.5 times the resolution of those carried on
the ESSA satellites, could not provide continuous overlspping
slobal coverase as do the ESSA cameras owing to the lower orbit
of the Cosmos 156 satellite (614 km compaced to 1400 km).
Thus, to close the 9aps in coverage., at least two satellites
were required in the westher satellite system. 1In addition,
cloudcover mosaics were produced from 10 or more individual
cloudcover pictures st <«he Hydrometeorologicsl Center ¢to
provide a more comprehensive view of slobal weather systems.
Some of the 1individusl pictures snd the cloud mosaics were
transmitted to various foreisn meteorologsical centers as part
of an international meteorologicsl date exchanse program. The
United States received some of these pictures st the National
Environmental Satellite Service (NESS} in Suitland, Maryland,
via the “cold line" facsimile link with Moscow. The experiment
sppzared to have s short useful 1ife as pictures were
transmitted to NESS for only 4 months, from late April to late
Ausust 1967 at which time the experiment is believed to have
terminated operations. These pictures were archived st NESS
for 1 yr and then, unless ¢ unusual interest, were discarded.

==—===- COSMOS 156, UNKNOWN-
INVESTIGATION NAME- SCANNING HRIR

INVESTIGATIVE PROGRAM
APPLICATIONS

INVESTIGATION DISCIPLINE(S)

NSSDC ID- 67-039A-02

PERSONNEL
Pl - UNKNOWN SOVIET ACAD OF SCI

BRIEF DESCRIPTION

The Cosmos 156 high-resclution scanning IR radiometer was
designed to make messurements of cloud distribution and snow
and ice cover on the daysids and nishtside of the earth. Thea
radiometer measured the outsoing rsdiation from the
earth-atmosphere system in the 8- to 12-micrometer atmospheric
sindow. Measurements mede in this spectral resion permitted
construction of brishtness patterns of the thermal relief and
detsrmination of equivalent radiation temperatures of the
esrth’s surface aond cloud tops. The instrument was »
narrow-ansle scannins radiometer with an instantansous viewins
sngle of 1.5 by 1.5 des. 1t was mounted in the base of the
satellite in a sealed instrument compartment with its optical
axis directed alons the locsl vertical and toward nadir. The
radiometer measured the intensity of the outsoins radiation by
comparing the earth's radiation flux with the radistion flux
from apace. Each tvpe of radiation enterad the radiometer
through =erarate windows., which were orisnted in mutually
perpendiculsr directions. The radistion from the
esrth-atmosphere system €ell on a plane scanning airror that
s mounted at an ansle of 45 des to the satellite velocity
vector and scanned throush an ansle of plus or minus 50 deg
from nadir., The radistion was raflected from the scanning
mirror through a stationary modulating disk and filter window
onto a parabolic mirror that focused the parellel beam throush
® moveble modulating disk onto a thermistor bolomster. The
stationary and movable modulating disks srovided the channel
switching, sending first the earth-atmosphere radiation and
then the space radiation to the pasrebolic mirror end finally to
the bolometer, The bolometer converted the radiant ¢flux into
variable electric voltages (0 to ¢ V) whose frequency was equal
to the modulator frequency end whose masnitudes were
proportional to the differences in the radiant flux intensities
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between earth end space developed at the bolometer output.
Durins the movement of the scesnnins mirror through s plus or
minus 40~des sector, 1ine scanning (40 lines/min) of the terset
sres was accomplizshed in a plane normsl to the orbitsl plane
usins 8 forward snd back path, while scsnnins along the flisht
path was provided by the relstive motion of the satellite with
respect to the esrth., In each scan, with the indicated viewins
and scanning ansles from the satellite’s orbital altitude, the
readiometer recorded the mean radistion intensities from s band
about 1100 km wide with a resolution of sbout 15 im st nadir to
sbout 26 to 27 km st the edses. The rsdiometer was capable of
measuring radistion temperatures within 2 to 3 deg for
temperstures above 273 des K and within 7 to 8 des for
temperatures below 273 des K. The video sisnals were amplified
snd sent either to the satellite memory unit for 1iamter
transmission or to the radiotelemetry unit for direct
transmission to earth. depending on whether the satellite was
beyond or within the zone of redio communication with a sround
receiving station. respectively. The sround receivers recorded
the transmitted data in disital form on magnetic tepe and
simultsneously on B80-mm photographic film 4n the form of a
brightness image of the thermsl relief of the earth-atmosphere
system, The data on masnetic tspe were processed by computer
at the Soviet Hydrometeorolosical Center and were used to
produce © digital map of the equivalent rsdiation temperature
field with s zuperposed seosraphic grid. The photosraphic film
wss developed and processed into an IR picture also with s
superposed srid. The Plctures were archived at the
Hydrometeorolosicsl Center. Some of these pictures were
transmitted to various foreisn meteorological centers as pasw
of sn international meteorclosicsl dets exchanse program. The
United States received these pictures at the National
Environmentsl Satellite Service (NESS). Suitland., Maryland. via
the “cold 1ine” facsimile 1ink with Moscow. Pictures were
transmitted to NESS from easrly May until late August 1967,
when, 1t 1s believed, the experiment cperations terminated.
These IR pictures were kept at NESS for 1 yr and then, unless
of unusual interest. were discarded.

—————=— COSMOS 156, UNKNOWN
IRVESTIGATION NAME- ACTIONMETRIC INSTRUMENT
NSSDC ID- 67-039A-03

INVESTIGATIVE PROGRAM
APPLICATIONS

INVESTIGATION DISCIPLINE(S)

PERSONNEL
PI - UNKNOKWN SOVIET ACAD OF SCI

BRIEF DESCRIPTION

The Cosmos 156 actinometric experiment was desisned to
measure (1) the outsoing 1lonswave radiation (3 to 30
micrometers) from the earth-atmosphere system, (2) the outgoing
near UV, visible, and near IR solar radistion (0.3 to 3
micrometers) reflected and backscattered by the
earth-atmosphere system, and (3) the effective radiation
temperature of the earth's surface and cloud tops (8 to 12
micrometers). The instrumentation consisted of four
radiometers: =& pair of scanning, narrow-angle, two-channel
radiometers end s pair of nonscannins, wide-snsle. two-channel
radiometers. The narrow-angle (6 by 5 deg field of view (FOV))
radiometers measured radiation 3in all three spectrsl bands,
while the wide-angle (136 to 140 des FOV) radiometers operated
enly 4n the 0.3~ to 3- and 3- to 30-micrometer bands. In the
nsrrow-ansle radiometer, the 0.3~ to S3S-micrometer band was
measured in one chennel and the 8- to 12- and 3~ to
30-micrometer bands were combined in the second channel. In
the second channel, the ¢two bands were separated by the
exchange of corresponding fi)ters as the radiometer scanned in
alternate directions. The earth radiation entered the
narrow-sngle radiometer throush a cylindrical fairing (KRS-5
crystal) and fell onto a conical scanning mirror. The
radistion was reflected ¢rom the mirror throush a three-lobed
rotating mirror chopper that modulested the radiation flux at a
frequency of 80 Hz. The chopper alternately reflected earth
redistion and space radiation, which entered throush s separate
KRS~S crystsl window. onto one of three openinss in a color
filter uheel -- one filter for each spectral band. The
particular spectrsl band that was psssed throush then fell on
an off-axis parabolic mirror that focused the redistion flux
onto 8 bolometric receiver. Perlodic calibration was made when
the scanning mirror moved to a 90-des angsle from nadir with
simultanecus turning on and viewins of a silicon standard lamp.
The 0.3- ¢to 3-micrometer channel did not use the two-beam
system or filter switchins, The output from the modulated flow
of radiation on the obolometer was amplified. rectified,
filtered., and fed into the radio-telemetry system over eisht
channels. The wide-snsle radiometers hasd tdentical optical
systems for both channels. The serth radistion entered the
radiometer throush a hemispherical shell composed of quartz of
KRS-5 crystal with a coating that determined the passband. The
radistion was then modulated with s frequency of é4 Hz and fell
on @8 bolometric receiver. As in the narrow-ansle radiometers,
the bolometer output was processed and fed into the
ragio-telemetry system. The wide-angle radiometer was
standardized simulteneously with the nerrow-ansle radiometer by
the input of 8 utendard ¢4~Hz calibrating frequency inte the
smplification circuit. The relstive rms measuring error for
both types of radiometers was about 0.5%. To provide a backup
capability. one wide-angle and one narrow-ansle radiometer were
held 4n reserve and could have been activated on command from
the sround. The orientation of the Cosmos 156 satellite
insured that the primary optical axes of the radiometers were

oriented vertically downward towsrd nadir. The survey of the
esrth's surface by both resdiometers wss cerried out by the
motion of ¢the satellite relative to the earth. In addition,
the narrow-ansle rediometer scanned 66 Jes to either side of
nodir in a plane normal to the orbital plane by rocking the
scanning mirror sbout the optical axis. The radiometers
covered a strip mbout 2500 km wide on the earth's surface end
hsd s 9sround resolution of 50 km st nedir. The data were
reduced at the sround stations and were transmitted in binery
form to the Hydrometeorolosicel Center in Moscow, where they
were recorded in disital form on magnetic tape and were used to
produce varlous wnalysis products such as esrth-stmosphere
slbedo charts and radistion tempersture maps. The dsta were
srchived st the Hydrometeorolosicsl Center. Some of these
charts were transmitted in sraphicsl form to various foreisn
meteorolosical centers, includine the National Environmental
Satellite Service (NESS), Suitland, Marylsnd. These
sctinometric charts,K were received st NESS vis the “"cold line™
facsimile 1ink with Moscow from may 1967 until late Ausust
1967, when, 1t i1s believed, the experiment operations
terminated. The churts were microfilned and srchived st the
Nationsl Climatic Center (NCC). Asheville, North Carolina.
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SPACECRAFT COMMON NAME- COSMOS 384
ALTERNATE NAMES- KOSMOS 384, 04791

NSSDC ID- 70-105A

LAUNCH DATE- 12/10/70 HEJGHT- KG
LAUNCH SITE-~- PLESETSK, U.S.S.R.
LAUNCH VEMICLE- A-2

SPONSORING COUNTRY/AGENCY
U.S.S.R. SAS

INITIAL ORBIT PARAMETERS
ORBIT TYPE- GEOCENTRIC
ORBIT PERIOD- 89.5 MIN

EPOCH DATE- 12/11/70
INCLINATION- 72.9 DEG

PERIAPSIS- 212, KM ALT APOAPSIS- 314, KM ALT
PERSONNEL
PM - UNKNOKWN SOVIET ACAD OF SCI

PS - UNKNOKWN

BRIEF DESCRIPTION

Cosmos 384 was the twenty-second Russisn experimental
meteorological satellite and the ninth launched from th2
Plesetsk site. Althoush 1t was oprimerily part of the
recoverable payload reconnsissance series, Cosmos 384 also
carried @ supplementsl scientific payload designed to test
instruments that could be wused to increase the viewins
cspability of conventional westher satellites and continue the
investigations besun by Cosmos 243. The payload consisted of a
narrow-angle, nonscenning, IR radiometer that measured outgoing
terrestrial radiation in the Y0- to 12-micrometer window and
four microwave radiometers that measured outsoing terrestrial
thermal radio (microwave) emissions at 0.8, 1.35, 3.4, and 8.5
cm, The IR snd microwave radiometers made synchronized
measurements of the various brightness temperatures to provide
surface and atmospheric conditions, as well @#s cloudcover
parsmeters., The data were stored in a memory device and then
were transmitted by telemetry at 19.995 MHz. The satellite was
in the form of a cylinder with hemispherical ends and was 5 m
long and 2.44 m in dismeter. Cosmos 384 reentered the
stmosphere after more than 11 days in orbit and wes recovered,
On December 17, 1970, a 2- -diameter sphericasl capsule was
ejected from the satellite and remained in orbit until December
27, 1970.

w=neem= COSMOS 384, BASHARINOV:
INVESTIGATION NAME- MICROWAVE RADIOMETERS

INVESTIGATIVE PROGRAM
APPLICATIONS

SOVIET ACAD OF SCI

NSSDC ID~ 70-105A-01

INVESTIGATION DISCIPLINE(S)

PERSONNEL
Pl - A.E. BASHARINOV SAS~IPA
0I - A,S. GURVICH SAS-1PA

BRIEF DESCRIPTION

The Cosmos 384 microwave radiometer experiment was
desisned to measure the earth's thermal radio (microwave)
emission with the purpose of developing techniques for the
determination of the geophysical parameters of the atmusphere.
clouds, and the underlying surface. It continued the studies
besun by the Cosmos 243 microwave experiment. The
instrumentation consisted of four rediometric receivers tuned
to four wavelensths (8.5, 3.4, 1.35, end 0.8 ¢m) by mesns of an
antenna system whose axis pointed toward nadis. The receivers
and sntennas resembled ground-! ased redio telescopes in desisgn
but were fully sutomated. The - nsitivity of the receivers was
sbout 0.7 deg K for the 8.5- and 3.4-cm bands and wbout 2 des K
for the 1.35- and 0.8-¢m bands. The sntennas had halé-power
directional pattern widths of about 3.5 des st 0.8, 1.35, and
3.6 cm and 8,8 des at 8.5 cm. The reference sisnal in the
radiometers was the space background radiation, which was
received by smsll horns directed toward the zenith.
Calibration in flisht was provided by switchins the radiometers
from the antannas to & noise senarator at a temperature of
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sbout 300 des K., which provided s zero level control. The fine
sdiustment of the radiometer scales was bssed on messurements
made over specific reference points with Kknown brishtness
temperatures and on aversse climatic data. These reference
points made it possible to obtain relative radio brightness
temperstures accurate to within 1 to 2 Jes K and sbsolute radio
brishtness temperatures to within 4 to o deg K. The results of
the measurements were accumulsted 4in a recording device and
were transmitted to the ground by rsdio telemetry when the
satellite passed over the Soviet Union. For the most part, the
results of messurements msde at 8.5 cm were used to estimate
the latitudinal varistions in the thermodynamic temperatures of
the surface o0f the ocean, land., ond ice fields. Messurements
at 0.8 8nd $.4 cm were used to sccount for the effects of cloud
droplet and raindrop sbsorprtion on the messuremcnts made at 8.2
cm., The 1.35~cm messurements accounted for the sbsorption due
to water vapor and were vsed to obtain the totsl stmospheric
moisture content over the oceans. Chanses in radio brightness
temperatures 4n the 8.5- 8#nd 5.4-cm bands were 3lso used to
detect asress of roush seas and to delineate the boundaries of
ses-ice flelds. The measurements st 0.8 cm provided a unique
source of informstion on the latitudinal distribution of cloud
liquid water content (LWC) snd allowed an estimate of the total
LHC 1n the earth's atmosphere. The main advantase of this
experiment was that the total moisture content of the
stmosphere and the temperature of the underlying surface were
measured simultaneously with the c¢loud LKC, thus permitting
their correlation.

------- COSMOS 384, GORODETSKIY.

INVESTIGATION NAME- NARROW-ANGLE IR RADIOMETER

NSSLC ID- 70-105A-02 INVESTIGATIVE PROGRAM

APPLICATIONS
INVESTIGATION DISCIPLINE(S)

PERSONNEL
PI ~ A.K., GORODETSKIY SAS~1IPA
01 - M.S. MALKEVICH SAS-1PA
BRIEF DESCRIPTIOM
The ~osmos 384 narrow-sngle IR radiome*e~r criment was
desisned to determine surface and clour cemperatures by

measuring the outgoing radiation in tr o 12-micrometer
window. The 1instrumentation consist « high-resolution,
narrow-angle, nonscanniny IR radiome .. whose basic principles
¢f cdesian and operation wrre identical to the radiometers flown
or Cosmos 14%. 243, and 320. The main components of the
radiometer were (1) 8 parabolic mirror, {(2) a choppers (3) an
improved dinterference filter that eliminated possible effects
from water vapor, carbon dioxide, and ozone absorption bands,
(4) a volome-2r platform. (5) =2 thermistor., and (6) blinds.
Earth #~d space radistion that entered the radiometer were
combined by the mirror. mudulated by the choppers passed
through the interference filter. and focuse+ on the bolometer.
The signal was smplified and scrt to a memor y device for later
transmission. An improvement over the Cosmos 149 and 320
instruments w3s made by controliing the arpli{ication factor,
which made it possitle to introouce 2 coriection when & change
in sensitivity occurred and thus Incrcssed the ieliability of
the messured values. The thermistor muurted +n the radioneter
casing menitored the 1instrument emper-ture aind provided
information for this correction. Blinds with ¢ set of
disphrasms in front of the lenses were used to reduce the
effect of lateral exposure., Lahboratory cslibration indicated
that the radiometer was capable of measuring brightness
temperatures with an error of 1 to 2 deg in the 300~ to 250-deg
K range and 2 to 4 deg in the 250- to 220-des K range. The
optical axis of the radiometer was alisned parallel to the
local vertical and was directed toward nadir. The radiometer
viewed successive rectanguls strips )5 km wide and 300 km long
as the satellite oprogsress.u along its orbitsl path at an
altitude of about 300 km. The hish spatial resolution made it
possidble to observe the details of the cloud cover's thermal
structure snd to determine the temperature of the underlying
surface.
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DISCOVERER SATELLITE PROGRAM

The Discoverer satellite program was the early U.S. Air Force (USAF) effort in space. Discoverer
was intended to be an open-ended scientific research program to carry out preliminary and general
space research by mez:.: L a series of short-lived, low-altitude satellites. Much of the
experimentation on the 38 Discoverer satellites was classified, but unclassified reports indicate that
a significant portion of the effort in this program could have been related to the development of
weather satellite technology. The horizon sensor (necessary for most instrumentation observing
the earth and the earth atmosphere) was first flown on Discoverer 2. Cameras were reportedly
flown on Discoverer 2 and 5. Discoverer 9, 21, and 26 were reported to have flown IR sensors.
Although these were for preliminary information in the development of missile launch detection
(MIDAS and SAMOS programs), it would be surprising if some of the information obtained was
not applied to meteorological IR sensor development. A scanning radiometer was carried on
Discove.er 35. As with most of the early programs, there were numerous launch failures (12 out
of the 38 launched).

The last of the series, Discoverer 38, was launched in February 1962. The ongoing USAF
program then became primarily a series of named, unpublicized launches with satellites of a variety
of configurations as contrasted with the short-tubular configuration of the Discoverers. The
descriptions of a Discoverer satellite and a meteorological experiment are provided here. Due to the
lack of specific information and its apparently rather casual relation to the meteorological satellite
development, no other experiment descriptions are provided.

DIS-3

;
5
[
”
v

&
H
’g

LT

TR TR R

£
&
4,
H
o
e
«
:
4
Y

L= o

wk



DISCOVERER S5NNNRANSNNANRRNNNNNNNS
SPACECRAFT COMMON NAME- DISCOVERER 35

ALTERNATE NAMES~ 1961 ALPHA ZETA 1, 00201

NSSDC ID- 61-030A

LAUNCH DATE- 11/15/61 WEIGHT- 1350. XG
LAUNCH SITE- VANDENBERG AFB, UNITED STATES

LAUNCH VEHICLE- THOR

SPONSCRING COUNTRY/ZAGENSY

UNLPTED STATES DOD-USAF
ORBIT PARAMETERS
ORBIT TYPE- GEOCENTRIC EPOCH DATE- 11/21/65%
ORBIT PERIOD- 90. MIN INCLINATION- 81.6 DEG
PERIAPSIS~ 238. KM ALT APCAPSIS— 278. KM ALT
PERSONNEL
PH - UNKNOWN UNKNOWN
PS ~ UNKNOKWN URKKOWN

BR1EF DESCRIPTION

Discoverer 35 (1361 Alpha Zeta) prosram objectives wers
to evaluate refinements in desisn chanses to prior spacecraft.
The spacecraft was also one of & series used to support space
prosram erperiments. Special measuring devices were on board
to telemeter voltases, pressures, and other performance fsctors
in addition to normal telemetry equipment. The reentry capsule
was ejected after 18 orbits and was recovered in mid-air by a
C~130 sircraft at 13,000 f¢t.

me-—w-~ DISCOVERER 35+ JURSA—

INVESTIGATION NAME- SCANNING RADIOME JER

NSSDC ID- 61-030A-02 INVESTIGATIVE PROGRAM
SPACE TEST PROGRAM

INVESTIGATION DISCIPLINE(S)

PERSONNEL
Pl - A, JURSA USAF GEOPHYS LAB
oI - E.P. TODD U OF COLORADO

BRIEF DESCRIPTION

The Discoverer 35 scannins radiometer was capable of
measuring both thermal emissions and reflected solar radiation
from the easrth. The radiometer subsystem consisted of an
optics turret with appropriate filters and two flake-thermistor
bolometers, one sensitive to thermal rsdiation (3.5 to 30
micrometers) and the other ¢to visible and nesr infrared
rediation (0.2 to 4.5 micrometers), Other components included
a vibrating-wand chopper., an ac smplifier, and telemetry. A
polished rotating mirror located in the optics turret allowed
the radiometer to scan the earth from horizon to horizon. Each
detector was positioned at the base of a conical radiation
shield that restricted the angular field of view to sbout 5
des. Similar radiometers were flown on MIDAS 3 and 4. A
complete description of the radiometer can be found 1in
“Transistorized radiometers and high sltitude measurements.”
final report by Dr. E. Todd. University of Colorado, Novemder
1963. Only the thermsl detector functioned properly. However.
the experiment was a success: with sood data obtained for some
110 orbits (approximately 165 operational hours).
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DEFENSE METEOROLOGY SATELLITE PROGRAM (DMSP)

The Defense Meteorology Satellite Program (DMSP), originally known as the Defense System
Applications Program (DSAP) and the Defense Acquisition and Processing Program (DAPP), is a
long-term USAF effort in space. Since 1966, data from DMSP satellites have been routinely
transmitted directly to Air Force and Navy ground terminals and Navy carriers. All spacecraft

~ launched (Table 5) have had a tactical (direct readout) as well as a strategic (stored data) capability.

Real-time data are provided to local Air Weather Service and Navy ground and shipborne termi-
nals. Air transportable receiving terminals are installed at a number of U.S. and overseas locations
to provide tactical commanders with observed and forecast meteorological data based on current
observations.

In December 1972, DMSP data were declassified and made available to the civil/scientific commu-
nity through the National Oceanic and Atmospheric Administration (NOAA). DMSP spacecraft
history prior to July 1, 1965, is still classified. Since 1965, there have been two major spacecraft
models flown: Block 4, Versions A and B; and Block 5, Versions A, B, C, and D.

The Block 4 version spacecraft employed a pair of vidicon cameras to acquire television pictures
showing the earth's cloud cover and some terrain features as they appeared in the visible wave-
length region. The resolution of these pictures was approximately 1.5 nautical miles (2.8 km) at
nadir, but it degraded rapidly toward the picture edge. A supplementary system to observe albedo
was alsc incorporated on later Block 4 spacecraft. This system of 16 thermopile sensors, known
as the “C" system, acquired data on energy emitted by large areas of the earth in two selected IR
intervals: 0.4 to 4.0 micrometers (energy from reflected sunlight) and 8.0 to 12.0 micrometers
(energy emitted by the earth). Resolution was on the order of 100 nautical miles (185 km).

The first Block 5 version spacecraft was launched in February 1970. Block 5 versions A, B, and
C replaced the vidicon cameras and the "C" system with a new primary sensor known as the
Sensor Avenue Package (SAP) to gather visual and infrared data at improved resolutions. Visual
data and IR data were collected at 1/3-nautical-mile (0.6-km) resolution and smoothed in real time
to 2 nautical miles (3.7 km). The 1/3 nautical-mile (0.6-km) data were available to Air Force
Global Weather Central, Omaha, Nebraska, while the smoothed data were routinely transmitted
directly to Air Force and Navy tactical sites around the globe. Versions B and C incorporated
various special sensors for obtaining vertical profiles of atmospheric temperature and density, and
for measuring precipitating electron activity at spacecraft altitude. Many of these sensor packages
have been improved for Block 5.

DMS-3
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The first Block 5D spacecraft was launched in September 1976. Although anomalies in spacecraft
operation precluded collection of operational data immediately after launch, the satellite was re-
stored to nominal operational condition and provided meteorological data of previously unmatched
quality. The second, third, and fourth Block 5D satellites huve subsequently been launched and
placed in operation (Table 5). The fifth failed at launch. The 5D version included a new primary
sensor, the Operational Linescan System (OLS), which provided improved resolution of 0.3
nautical miles (0.56 km) for both visual and IR fine data, and 1.5 nautical miles (2.8 km) for
smoothed data. The biggest improvement over the SAP was that the OLS had uniform resolution
along the scan line. At 800 nautical miles (1482 km) from nadir, the SAP experienced a degraded
resolution of 13 nautical miles (24 km), while the OLS maintained a resolution of two nautical
miles (3.7 km) or better.

Two spacecraft (F6 and F7) from the second generation Block 5D satellites (SD-2) were launched
in 1982 and 1983, respectively. The SD-2 satellites provide an improved capability on orbit with
longer spacecraft structure (larger payload), increased power and data processing, and an increase
in reliabiiity and mission lifetime. The primary sensor is the imaging operational linescan system
(OLS), as in the first Block 5D. Other meteorological instruments incl.de: (1) the infrared tem-
perature and moisture profile sounder (SSH-2), (2) the microwave temperature sounder (SSM/T),
and (3) the microwave imager (SSM/I). The 16-channel SSH-2 sensor, which collects radiance
data in the IR spectrum for inversion into temperature and water vapor profiles of the troposphere,
is carried on at least three satellites. The SSM/T scans radiation in seven microwave spectra
(50-60 GHz frequency), providing temperature profiles from the earth’s surface to above 30 km.
This microwave sensor complements the SSH-2 infrared sensor by providing temperature
sounding over previously inaccessible cloudy regions. It was first carried on the F7 satellite and
will be aboard all the planned satellites in the series, except S9 (F9 when launched). Another
microwave sensor to be flown in the future mission is the microwave imager (SSM/I), which
provides data on soil moisture, wind speed over the ocean, and the morphology and extent of sea
ice.

Besides the meteorological sensors mentioned above, there are also X-ray and gamma ray detec-
tors, a precipitating electron spectrometer, and an ionospheric plasma monitor carried on board the
Block 5D-2 spacecraft. Notice that the DMSP spacecraft structural design is utilized in the NOAA
series spacecraft subsequent to NOAA S and in the TIROS-N spacecraft.

DMS-5
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Inquiries about data from the primary sensor (OLS) and the microwave imager (SSM/I) can be
directed to the National Snow and Ice Data Center, CIRES, Campus Box 449, University of
Colorado, Boulder, CO 80309. SSH-2 and SSM/T data are available from the National Climatic
Data Center, Satellite Data Services Division, NOAA/NESDIS, Washington, DC 20233.
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*******#***t****#**#tt*****DMSP 4A/F1_F4’ 4B/F1_F3****************************

Spacecraft Name - DMSP 4A/F1-F4, 4B/F1-F3 ‘
S/C NSSDC Launch Inc Perig.  Apog. Pd.

D Date (deg)  (km)  (km) (min)
DMSP 4A/Fl1 66-082A 09/15/66 98.5 705 891 100.9
DMSP 4A/F2 67-010A 02/08/67 98.8 796 868 101.5
DMSP 4A/F3 67-080A 08/22/67 99.0 834 892 102.2
DMSP 4A/F4 67-096A 10/11/67 99.2 667 866 100.2
DMSP 4B/F1 68-042A 05/22/68 98.9 817 904 162.2
DMSP 4B/F2 68-092A 10/22/68 99.0 797 855 1014
DMSP 4B/F3 69-062A 07/22/69 98.8 787 857 1014
PM - Space Division Staff USAF Space Division
Brief Description

The cylindricaily shaped Block 4 satellites incorporated two new one-inch diameter vidicon cam-
eras, two video, a large-capacity tape recorder, and an all-digital command subsystem with mag-
netic core memory, giving fully programmable coverage of either direct readout or readout of
recorded data without interference. Nominal satellite spin rate was decreased to reduce smear,
permitting a higher resolution TV system for improved picture quality. Dual cameras and a high
capacity recorder provided complete daily coverage of the entire Northern Hemisphere and tactical
coverage anywhere on the earth. Animproved IR "C" system was incorporated on this spacecraft.
The Defense Meteorolcgical Satellite Program's Block 4 space segment consisted of satellites in
450-nautical-mile, sun-synchronous, polar orbits, each carrying a payload of meteorological
sensors. Primary cloud imaging sensors capable of globally viewing the earth in the visible and
infrared spectrums were carried by every satellite. The ascending node of the satellites was either
in the early moming time period or at midday. The final data product was a film product directly
usable for imagery analysis. Originally part of a classified syst=m of USAF weather satellites, the
spacecraft mission was not revealed until March 1973.

DMSP 4A/F1-F4, 4B/F1-F3, AFGWC Staff

Investigation Name - Vidicon Camera System
Flown on - DMSP 4A/F1-4, 4B/F1-F3

NSSDCID - 66-082A-01, 67-010A-01, 67-080A-01, 67-096A-01,
68-042A-01, 68-092A-01, 69-062A-01

PI - AFGWC Staff AFGWC
Brief Description

The vidicon camera system fulfilled the requirement of the primary mission of the Block 4 satellites
which was to acquire, store, and transmit television pictures of the earth's cloud cover ground
stations. The pictures showed clouds and some terrain features as they appeared in the visible
wavelength region. The resolution of these pictures was approximately 1.5 nautical miles. The
primary data subsystem consisted of two vidicon cameras with their associated electronics pack-
ages and a tape transport with its associated drive and signal electronics packages. The cameras
each had a 56 deg field of view (measured in the plane containing a line parallel to the satellite spin
axis and the camera optical axis) whose axes were inclined approximately 26.5 degrees from the
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orbit plane. The cameras, each consisting of a camera head on a camera electronics package, were
lightweight devices capable of providing video signals of images observed from the satellites. The
camera head consisted of a lens, a vidicon, a deflection yoke, and a video preamplifier, and the
camera electronics consisted of the electronic circuitry necessary to provide deflection potentials,
shutter pulses, and other operating potentials to the camera. The lens was a Kinoptic Apochromat
(Tegea), f/1.8-9.8mm focal length lens. The camera data format had an aspect ratio of 8:7 with the
longer dimension of the format from left to right of the scene referenced to the horizontal. The line
scan was along the longer dimension of the format from left to right of the scene referenced to the
horizontal. The line scan rate was 76 lines/s with 1/18 scan period blanking. The frame consisted
of 648 active lines which were scanned in approximately 8.5 s. The camera reproduced seven
discernable gray levels. At the reference time in the desired spin period, the first camera's shutter
was operated, storing, on the vidicon target, the image of the area indicated. During the next spin
period, this image was read out as an electrical waveform and stored on magnetic tape. At the
reference time of the next spin period, the second camera was similarly exposed, and its signal was
read out during this second spin period. The result was a continuous video signal, lasting for two
spin periods, representing the sequential images from the two ¢ meras.

DMSP 4A/F1-F4, 4B/F1-F3, AFGWC Staff

Investigation Name - C System
Flown on - DMSP 4A/F1-F4, 4B/F1-F3

NSSDCID - 66-082A-02, 67-010A-02, 67-080A-02, 67-096A-02,
68-042A-02, 68-092A-02, 69-062A-02

PI - AFWGC Staff AFGWC
Brief Description

The "C" system fulfilled the supplementary mission of the Block 4 satellites to acqu.re, share, and
transmit data on IR energy emitted by the earth's surface. This system consisted of 16 thermopile
sensors arranged in an array, & multicolor unit containing a solid state commutator, differential ap-
plifier and a/d converter, and a tape recorder. The "C" system normally operated in one of three
modes: record, calibrate, or playback. In the record mode, each sensor was sampled on alternate
spins of the satellite when the sensor pointed toward the earth. The data were digitized and siored
with auxiliary satellite data. In the calibrate mode, each sensor was sampled on alternate spins of
the satellite when the sensor axis looked at space. This provided a means for calibrating the sen-
sors against a known radiance source. The data were digitized and recorded as in the record - ode.
In the playback mode, data recording was stopped and recorded data were played back and truns-
mitted to the earth via the data transmitter. The radiometric calibration of the subsystem is accurate
to within 2%. Each sensor was an absolute radiometric device whose output was proportional to
the radiation exchange between it and the target in its field of view. In the 16-sensor array, equal
numbers of two types of sensors were used; the A type operated in the spectral range of 0.4 to
4.0 micrometers and the B type operated in the range of 8.0 to 12.0 micrometers. Individual
sensors were sized and positioned so that (hey viewed nominal, equal 100-nautical-mile-square
areas on the earth across a continuous §00-nautical-mile width swath centered on the orbital track.
The data were digital, each number representing a sample of the average radiance from an area
approximately 116 nautical miles square. The coverage consisted of a swath of four such samples
on each side of the subsatellite track, giving a total width of 928 nautical miles. These data were
acquired continuously (except during playback).
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**********************DMSP 5AjF1_F3, SB/FI-FS, SC/FI,FZ************‘K******#****
Spacecraft Name - DMSP 5A/F1-3, 5B/F1-F5, SC/F1,F2

S/C NSSDC  Launch Inc. Perig.  Apog. Pd.
ID Date (deg) (km) (km)  (min)
DMSP 5A/F1 70-012A  02/11/70 98.7 773 874 101.4
DMSP SA/F2 70-070A  09/03/70 98.7 764 874 101.3
DMSP 5A/F3 71-012A  02/17/71 98.8 763 833 101.9
DMSP 5B/F1 71-087A  10/14/71 99.0 796 877 101.7
DMSP 5B/F2 72-018A 0324772 98.8 803 885 101.8
DMSP 5B/F3 72-089A  11/09/72 988 797 853 101.4
DMSP 4B/F4 73-054A  08/17/73 98.5 795 836 101.2
DMSP 5B/F5 74-015A  03/16/74 99.1 768 860 101.2
DMSP 5C/F1 74-063A  08/09/74 986 792 860 101.4
DMSP 5C/F2 75-043A  05/24/15 98.7 795 881 101.7

PM - Space Division Staff USAF Space Division
Brief Description

DMSP Blocks SA, B, and C were a series of meteorological satellites developed and operated by
the Air Force under the Defense Meteorological Satellite Program. This program, previously
known as the Data Acquisition and Processing Program (DAPP), was classified until March 1973.
The objective of this program was to provide global visual and infrared (IR) cloud cover data and
specialized environmental data to support Department of Defense requirements. Operationally, the
program consisted of two satellites in 830-km, sun-synchronous, polar orbits, with the ascending
node of one satellite near the sunrise terminator and the other near local noon. The satellite, shaped
like the frustum of a polyhedron, consisted of four subassemblies: (1) a solar array hat, (2) a base-
plate assembly, (3) a sensor AVE (aerospace vehicle electronics) package (SAP), and (4) a data
processing system. The primary sensor (SAP) was a scanning radiometer. Blocks SB and C also
carried secondary sensors, which included a vertical temperature profile radiometer
(Supplementary Sensor E-SSE) and an electron spectrograph (Supplementary Sensor J or J/2-SSJ
or $SJ/2), that were mounted, along with the primary sensor, on the base assembly. Spacecraft
stabilization was controlled by a combination flywheel and magnetic control coil system so the
sensors were maintained in the desired earth-looking mode. The data processing system included
three tape recorders capable of storing a total of 440 min of data, which allowed full global
coverage twice daily. Either recorded or real-time data were transmitted to ground receiving sites
via an S-band transmitter. Recorded data were read out to tracking sites located at Fairchild AFB,
WA, and Loring AFB, ME, and relayed to Air Force Global Weather Central, Offutt AFB, NE.
Real-time data were read out at mobile tactical sites located around the world.

DMS-9
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DMSP 5A/F1-F3, 5B/F1-FS, SC/F1,F2, AFGWC Staff

Investigation Name - Scanning Radiometer (SR)
Flown on - DMSP 5A/F1-F3, 5B/F1-F5, 5C/F1,F2

NSSDCID - 70-012A-01, 70-070A-01, 71-012A-01, 71-087A-01,
72-018A-01, 72-089A-01, 73-054A-01, 74-015A-01,
74-063A-01, 75-043A-01

PI - AFGWC Staff AFGWC
Brief Description

The three-channel scanning radiometer, designated the sensor AVE (aerospace vehicle electronics)
package (SAP), was the primary experiment on the DMSP 5A series. The purpose of this experi-
ment was to provide global, day/night observations of cloud cover and cloud temperature
measurements to support Department of Defense requirements for operational weather analysis and
forecasting. The radiometer operated in two spectral intervals: (1) visible and near infrared (0.4 to
1.1 micrometers), and (2) infrared (8 to 13 micrometers). The radiometer was essentially two
scanning radiometers driven by a common motor. One radiometer produced high resolution (HR)
visual and infrared (IR) data with nadir resolutions of 3.7 and 4.4 km, respectively. The other ra-
diometer produced very high resolution (VHR) visual data with nadir resolutions of 0.63 km.
Beginning with SB/F2, a fourth channel was added to produce very high resolution infrared
(WHR) data with nadir resolutions of 0.67 km. Onboard recorders had a storage capacity of

210 min of both HR and IR data and a total of 20 min of VHR data. For direct readout to tactical
sites, the experiment was programmed so that VHR and IR data were obtained during the daytime,
and HR and IR/WHR data were obtained at night. The infrared channels (IR and WHR) covered a
temperature range of 210 to 310 K with an accuracy of 1 K. Electronic circuitry in the sensor
converted the sensed infrared energy directly into equivalent black body temperature (as opposed to
radiance) prior to transmission to ground sites. The HR channel included a zero resolution sensor
that measured solar input and was used to control channel gain, thereby producing an output signal
that represents scene albedo. This feature also made it possible to obtain useful visual data at
night. The sensor incorporated sunshades and glare suppression devices in conjunction with a
long-scan automatic gain control which allowed the HR channel to provide usable data through the
day/night terminator. Besides the earth surface/cloud cover imagery archived at the National Snow
and Ice Data Center, University of Colorado, Campus Box 449, Boulder, CO 80309, the auroral
imagery data are available from the National Geophysical and Solar-Terrestrial Data Center,
gl(gg?/National Environmental Satellite, Data, and Information Service (NESDIS), Boulder, CO
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DMSP 5A/F1-F3, 5B/F1-F5, 5C/F1,F2, AFGWC Staff

L)

Investigation Name - Vertical Temperature Profile Radiometer

(SSE)
Flown on - DMSP 5B/F2, F3, FS, SC/F1, F2
NSSDC ID - 72-018A-02, 72-089A-02, 74-015A-02, 74-063A-02, 75-043A-02
PI - AFGWC Staff AFGWC
Brief Description

The Special Sensor E (SSE) was a vertical temperature profile radiometer. The objective of this
experiment was to obtain vertical temperature and water vapor profiles of the atmosphere to sup-
port Department of Defense requirements in an operational weather analysis and forecasting. The
SSE was an eight-channel sensor with six channels (668.5, 677, 695, 708, 725, and 747 cm-1) in :
the carbon dioxide 15-micrometer absorption band, one channel (535 cm-1) in a water vapor &
absorption band, and one channel (835 cm-1) in the 11-micrometer atmospheric window. The
experiment consisted of an optical system, a detector and associated electronics, and a scanning

g R TR Y, AR R R YT R L

mirror. The scanning mirror stepped across the satellite subtrack, allowing the SSE to view 25 ¢

separate columns of the atmosphere every 32 s over a cross-track ground swath of 185 km. While "

the scanning mirror stopped at a scene station, the channel filters were sequenced throughout the {

field of 7iew. The surface resolution of the SSE was approximately 37 km at nadir. The carbon §

dioxide band radiation data were transformed to a temperature profile by a mathematical inversion ”

technique. By a similar technique, this information could be combined with water vapor band data y

‘ to obtain a water vapor profile. No archival data were produced, due to lack of funds and storage
a facilities in the operational environment. v
i : ek e s e e e e s e sk 3 o ke sk 3¢ ke o sfe ke sde ke ok ke ok ke ok k**DMSP SD_1/F1_F4******************************** i

Spacecraft Name - DMSP 5D/F1-F4 ‘
S/C NSSDC Launch Inc. Perig.  Apog. Pd.

b

D Date (deg) (km)  (km) (min) ¥
DMSP 5D/F1 76-091A 09/11/76 98.6 806 832 101.3 '
DMSP 5D/F2 77-044A 06/05/77 99.0 787 851 101.3 2
DMSP 5D/F3 78-042A 05/01/78 98.6 802 815 101.1
DMSP SD/F4 79-050A 06/06/79 98.6 806 825 101.2 2
DMSP 5D-1/F1,F2 PM -J. J. McGlinchey USAF Space Division
DMSP 5D-1/F3,F4 MG - J. Rivers USAF Space Division
Brief Description

The DMSP 5D-1 series was one of a meteorological satellite series developed and operated by the
Air Force. Previously known as DAPP (Data Acquisition and Processing Program), it was
classified until March 1973. The objectives of this program were to provide global visual and
infrared cloud cover and specialized environmental data to support Department of Defense require-
ments for operational weather analysis and forecasting. The program consisted of two satellites in
planned 830-km, sun-synchronous, polar orbits, with the ascending node of one satellite in early
morning and the other at local noon. The 5.4-m-long spacecraft was separated into four sections:
‘ (1) a Precision Mounting Platform (PMP) for sensors and equipment requiring precise alignment;
(2) an Equipment Support Module (ESM) containing the electronics, reaction wheels, and some
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meteorological sensors; (3) a Reaction Control Equipment (RCE) support structure containing the
spent third-stage rocket motor and supporting the ascent phase reaction control equipment; and

(4) 2 9.29-sq-m solar cell panel. The Block 5D spacecraft stabilization was controlled by a
combination flywheel and magnetic control coil system so sensors could be maintained in the
desired "earth-looking" mode. One feature of Block SD was the precision-pointing accuracy of the
primary imager to 0.01 deg provided by a star sensor and an updated ephemeris navigation system.
Thi¢ allowed automatic geographical mapping of the digital imagery to the nearest picture element.
The Operational Linescan System (OLS) was the primary data acquisition system that provided
real-time or stored, multi-orbit, day-and-night visual and infrared imagery at 0.6-km resolution for
all major land masses, and 2.8-km resolution for complete global coverage. This series also had
special meteorological sensors (SSC, SSD, SSH, and SSM/T) and other sensors to measure
electrons, gamma rays, ionospheric plasma, and X-rays. The data processing system included
three high-density tape recorders, each of which could store 400 min of data. Either recorded or
real-time data were transmitted to ground-receiving sites via two redundant S-band transmitters.
Recorded data were read out to tracking sites located at Fairchild AFB, WA, and Loring AFB, ME,
and relayed via Satcom to Air Force Global Weather Central, Offutt AFB, NE. Real-time data
were read cut at mobile tactical sites located around the world. A more complete description of the
Block 5D spacecraft can be found in the report by D. A. Nichols, "The Defense Meteorological
Satellite Program," Optical Engineering, v. 14, n. 4, July-August 1975. For information on
meteorological data, users may contact SDSD. For the availability of unclassified environmental
data, users may direct inquiries to the National Geophysical and Solar-Terrestrial Data Center,
I;(%S?IN ational Environmental Satellite, Data, and Information Service (NESDIS), Boulder, CO

DMSP 5D-1/F1-F4, AFGWC Staff

Investigation Name - Operational Linescan System (OLS)

Flowr on - DMSP 5D-1/F1-F4

NSSDC ID - 76-091A-01, 77-044A-01, 78-042A-01, 79-050A-01

FI - AFGWC Staff AFGWC
Brief Description

The Operational Linescan System (OLS) was the primary experiment on the DMSP Block 5D
spacecraft. The purpose of this experiment was to provide global, day/night observations of cloud
cover and cloud temperature measurements to support Department of Defense requirements for
operational weather analysis and forecasting. The OLS employed a scanning optical telescope
driven in an oscillating motion, with optical compensation for image motion, which resulted in
near-constant resolution throughout the sensor field of view. The radiometer operated in two
("light" and "thermal infrared") spectral intervals: (1) visible and near infrared (0.4 to

1.1 micrometers), 2nd (2) infrared (8 to 13 micrometers). With DMSP 5D-1/F4, the OLS IR
spectral band was changed from 8-13 micrometers to 0.5-12.6 micrometers to improve the sea-
surface temperature resolution. With onboard processing, the radiometer produced data in four
modes: LF (light fine) and TF (the.mal fine) data with a resolution of 0.56 km, and LS (light
smoothed) and TS (thermal smoothed) data with a resolution of 2.8 km. There were three onboard
recorders, and each had a storage capability of 400 min of both LS and TS data or 20 min of LF
and TF data. For direct readout to tactical sites, the experiment was programmed so that LF and
TS data were obtained at night. The infrared data (TF and TS) covered a temperature range of 210
to 310 K with an accuracy of 1 K. The LS data mode provided visual data through a dynamic
range from full sunlight down to a quarter moon. This mode also automatically adjusted the gain
along scan to allow useful data to be obtained across the terminator. Additional information on this
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experiment is contained in the report by D. A. Nichols, "Primary Optical Subsystems for DMSP
Block 5D," Optical Engineering, v. 14, n. 4, July-August 1975. Besides the earth surface/cloud
cover imagery at the National Snow and Ice Data Center, Campus Box 449, University of
Colorado, Boulder, CO 80309, the auroral imagery is available from the National Geophysical and
Solar-Terrestrial Data Center, NOAA/National Environmental Satellite, Datz, and Information
Service (NESDIS), Boulder, CO 80303.

DMSP 5D-1/F1-F4, AFGWC Staff
Investigation Name - Multispectral Filter Radiometer (SSH)

Flown on - DMSP 5D-1/F1-F4

NSSDC ID - 76-091A-02, 77-044A-02, 78-042A-02, 79-050A-02
PI - AFGWC Staff AFGWC
Brief Description

Special Sensor H (SSH), also known as a Vertical Temperature Profile Radiometer (VTPR), was a
cross-track scanning, multichannel filter radiometer similar to the HIRS/2 on the TIROS-N series.
The objective of this experiment was to obtain vertical temperature, water vapor, and ozone pro-
files of the atmosphere to support Department of Defense requirements in operational weather
analysis and forecasting. The SSH was a 16-channel sensor with one channel (1022 cm-1) in the
9.6-micrometer ozone absorption band, one channel (835 cm-1) in the 12-micrometer atmospheric
window, six channels (747, 725, 708, 695, 676, 668.5 cm-1) in the 15-micrometer CO7 absorp-

tion band, and eight channels (535, 408.5, 441.5, 420, 374, 397.%, 355.4, 353.5 cm-1) in the
18- to 30-micrometer rotational water vapor absorption band. The experiment consisted of an
optical system, detector and associated electronics, and a scanning mirror. The scanning mirror
was stepped across the satellite subtrack, allowing the SSH to view 25 separatc columns of the
atmosphere every 32 s over a cross-track ground swath of 2000 km. While the scanning mirror
stopped at a scene station, the channel filters were sequenced through the field of view. The sur-
face resolution was approximately 39 km at nadir. Radiance data were transformed into tempera-
ture, water vapor, and ozone profiles by a mathematical inversion technique. A more complete
description of the experiment can be found in the report by D. A. Nichols, "DMSP Block 5D
Special Meteorological Sensor H, Optical Subsystem," Optical Engineering, v. 14, n. 4, pp.
284-288, July-August 1975. SDSD has the archival data, and NSSDC has some ozone data.

DMSP 5D-1/F1-F4, AFGWC Staff

Investigation Name - Microwave Temperature Sounder (SSM/T)

Flown on - DMSP 5D-1/F4

NSSDCID - 79-050A-06

PI - AFGWC Staff AFGWC

Brief Description

The special sensor microwave/temperature sounder was a seven-channel scanning radioiaeter
which measured radiation in the absorption band of molecular oxygen (50.5, 53.2, 54.35, 54.9,

58.4, 58.825, and 59.4 GHz) to provide data for vertical temperatures from the earth's surface to
above 30 km. It was designed to scan in synchronization with the Special Sensor H package, and
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it provided temperature soundings at higher altitudes and cloudy regions inaccessible to SSH. By
choosing frequencies with different absorption coefficients on the wing of the oxygen absorption
band, a series of weighting functions peaking at preselected altitudes was obtained. The radiome-
ter scanned across the nadir track on seven scan positions and two calibration positions (cold sky
and 300 K). The dwell time for the cross-track and calibration positions was 2.7 s each. The total
scan period was 32 s. The instrument had an instantaneous ficld of view of 12 deg and scanned
plus or minus 36 deg from the nadir. Data are available from SDSD.

DMSP 5D-1/F1-F4, AFGWC Staff

Investigation Name - Snow/Cloud Discriminator (SSC)

Flown on - DMSP 5D-1/F4

NSSDCID - 79-050A-08

PI - AFGWC Staff ATGWC
Brief Description

The Snow/Cloud Sensor was an experimental unit used in conjunction with the OLS sensor on
spacecraft F4. The experiment being performed by the simultaneous in-orbit use of these two
sensors is primarily that of proving the proposition that snow/cloud scene discrimination can be
obtained through the combination of near IR sensor data and OLS 1-channel (visual) information.
The snow/cloud detector was 2 "push-broom" scan radiometer that depended upon orbital velocity
of the spacecraft to provide the along-track scan and a linear array of 48 detector elements at the
image plane of a wide lens to provide a 40.2 deg cross-track scan. The sensor measured the
reflected solar energy in the 1.51- to 1.63-micrometer spectral band.

3¢ ke 30 o 3 3 e e 2 e e e o e e 3k s 2 24 ok e e ok ke DNISP 5D,2/F6_F8’ AFGWC Staff 3k sk e abe 3k o s b ok e ¢ s e abe 3k s e 3 e e 2 e o e ke
Spacecraft Name - DMSP 5D-2/F6-F78

S/C NSSDC Launch Inc.  Perig. Apog. Pd.
D Date (deg) (km) (km) (min)

DMSP 5D-2/F6 82-118A 12/21/82 98.7 817 839 101.4
DMSP 5D-2/F7 83-113A 11/18/83 98.7 810 829 101.3
DMSP 5D-2/F8 87-053A 06/20/87 98.8 836 856 101.9

DMSP 5D-2/F6-F1 MG - S. McElroy USAF Space Division
Brief Description

The DMSP 5D-2 series was one of a meteorological satellite series developed and operated by the
Air Force. This program, previously known as DAPP (Data Acquisition and Processing

Program), was classificd until March 1973. The objective of this program was to provide global
visual and infrared cloud-cover data and specialized environmental data to support Department of
Defense requirements for operational weather analysis and forecasting. Operationally, the program
consisted of two satellites in planned 830-km, sun-synchronous polar orbits, with the ascending
a10de of one satellite in early morning and the other at local noon. The 6.4-m-long spacecraft was
divided into four sections: (1) a precision mounting platform for sensors and equipment requiring
precise alignment; (2) an equipment support module containing the electronics, reaction wheels,
and some meteorological sensors; (3) reaction control equipment to support structure containing the
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spent third-stage rocket motor, and supporting the ascent phase reaction control equipment; and (4)
a 9.29-sq-m solar cell panel. The spacecraft stabilization was controlled by a combination flywheel
and magnetic control coil system so sensors were maintained in the desired "earth-100king" mode.
One feature was the precision-pointing accuracy of the primary imager to 0.01 deg, provided by a
star sensor and an updated ephemeris navig~*ion system. This allowed automatic geographical
mapping of the digital imagery to the nearest picture element. The operational linescan system was
the primary data acquisition system that provided real-time or stored, multiorbit, day-and-night,
visual and infrared imagery. This series also had special meteorological sensors, such as the SSH-
2 and the SSM/T, and - ‘her sensors to measure electrons, gamma rays, ionospheric plasma, and
X-rays. Either recorded or real-time data were transmitted to ground-receiving sites by two
redundant S-band transmitters. Recorded data were read out to tracking sites located at Fairchild
AFB, WA, and at Loring AFR}, ME, and relayed by SATCOM to Air Force Global Weather
Central, Offutt AFB, NE. Real-time data were read out at mobile tactical sites located around the
world. A more complete description of the satellite can be found in the report by D. A. Nichols,
"The Defense Meteorological Satellite Program," Optical Engineering, v. 14, n. 4, July-August
1975. For information on meteorological data, users may contact the National Snow and Ice Data
Center, CIRES, Campus Box 449, University of Colorado, Boulder, CO 80309. For the
availability of unclassified environmental data, users may direct inquiries to the National
Geophysical and Solar-Terrestrial Data Center, NOA A/National Environmental Satellite, Data, and
Information Service (NESDIS), Boulder, CO 80303.

DMSP 5D-2/F6-F8, AFGWC Staff

Investigation Name - Operational Linescan System (OLS)

Flown on - DMSP 5D-2/F6-F8

NSSDCID - 82-118A-01, 83-113A-01, 87-053A-01

PI - AFGWC Staff AFGWC
Brief Description

The Operational Linescan System (OLS) was the primary experiment on the DMSP Block 5D
spacecraft. The purpose of this experiment was to nrovide global day-and-night cloud-cover
observations and cloud-temperature measurements. The OLS employed a scanning optical tele-
scope driven in an oscillating motion, with optical compensation for image motion that resulted in
near-constant resolution throughout the sensor field of view. The radiometer operated in two
("light" and "thermal") spectral intervals: (1) visible and near infrared (0.4 to 1.1 micrometers),
and (2) infrared (10.2 to 12.8 micrometers). The radiometer produced, with onboard processing,
data in four modes: LF (light fine) and TF (thermal fine) data with a resolution of 0.56 km, and
LS (light smoothed) and TS (thermal smoothed) data with a resolution of 2.8 km. There were
four onboard recorders, each having a storage capability of 400 min of both LS and TS data or

20 min of LF and TF data. For direct readout to tactical sites, the experiment was programmed so
that LF and TS data were obtained at night. The infrared data (TF and TS) covered a temperature
range of 190 to 310 K with an accuracy of at best 2 K. The LS data mode provided visual data
through a dynamic range from full sunlight down to a quarter moon. This mode also automatically
adjusted the gain along the scan to allow useful data to be obtained across the terminator.
Additional information on this experiment is contained in the report by D. A. Nichols, "Pri
Optical Subsystems for DMSP Block 5D, "Optical Engineering, v. 14, n. 4, July-August 1975.
Data can be obtained through the National Snow and Ice Data Center, Campus Box 449,
University of Colo-rado, Boulder, CO 80309.
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DMSP 5D-2/F6-F8, AFGWC Staff -

Investigation Name - Infrared Temperature Profile Sounder (SSH-2)
Flown on - DMSP 5D-2/F8§

NSSDC ID - 82-118A-02, 87-053A-05

PI - AFGWC Staff AFGWC
Brief Descripticn

The objective of this experiment was to obtain vertical temperature and water vapor profiles of the
atmospherc at altitudes from 0 t¢ 30 km. The infrared temperature and moisture sounder, SSH-2,
was a 16-channei sensor with one channel (3.7 micrometers) in the 3.7-micrometer window, one
channel (11.1 micrometers) in the 12-micrometer window, six channels (13.4, 13.7, 14.1, 14..4,
14.8, 15.0 micrometers) in the 15-micrometer CO2 absorption band, and eight channels {1/ 5,
18.7, 20.1, 22.7, 23.9, 24.5, 25.2, 28.3 micrometers) in the 22- to 30-micrometer rotational
water vapor absorption band. The experiment consisted of an optical system, detector and
associated electronics, and a scanning mirror. The scanning mirror was stepped across the satellite
ground track, allowing the sounder to view 25 separate columns of the atmosphere every 32 s over
a cross-track ground swath of 2204 km. While the scanning mirror was stopped at each of the

25 positions, the channel filters were sequenced through the field of view. The cross-track
surface resolution was approximately 60 km at nadir. The radiance data were transtormed into
temperature and water vapor profiles by a mathematical inversion tecnnique. The rms error of the
temperature was 2.5 to 3 K. Archival data are available from SDSD at the National Climatic Data
Center (NCDC), Roorn 100, World Weather Building, Washington, DC 20233.

DMSP 5D-2/F6-F8, AFGWC Staff ---------- —

Investigation Name - Microwave Imager (SSM/I)

Flown on - DMSP 5D-2/F8

NSSDC ID - 87-053A-06

PI - AFGWC Staff AFGWC
Brief Description

The microwave imager was designed to provide day and night measurements of ocean surface
wind speed, ice coverage and age, area and intensity of precipitation, cloud water content, and land
surface moisture. An estimate of atmospheric attenuation at each of the four sensor _requencies
was also available. Microwave brightness temperatures were obtained with a seven-char: ael
passive microwave radiometer operating at four frequencies, three with both vertical and horizontal
polarizaticn (19.35, 37.0, and 85.5 GHz) and one with vertical polarization (22.23 GHz). The
instrument scanned across the ground track to gather data over a 1400-km swath width, with
horizontal resolutions of 13 to 50 km for different frequencies. Data weie used for iropical storm
reconnaissance, ship routing in polar regions, agricultural weather, aircraft routing, and refueling.
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Investigation Name - Microwave Temperature Sounder (SSM/T)

Flowr: on - DMSP 5D-2/F8

NSSDC ID - 83-113A-03, 87-053A-02

PI - AFGWC Staff AFGWC

Brief Description

The microwave temperature scunder SSM/T was a seven-channel scanning radiometer that mea-
sured radiation in the 5- to 6-mm wavelength (50- to 60-GHz) region (specifically 50.5, 53.2,
54.35, 57.9, 58.4, 58.825, and 59.4 GHz) to provide data on the vertical temperature profile from
the earth's surface to above 30 km. The SSM/T provided temperature soundings at higher altitudes
and over cloudy regions inaccessible to an infrared temperature and moisture sounder. By choos-
ing frequencies with different absorption coefficients on the wing of the oxygen absorption band,
a series of weighting functions peaking at preselected alti’ ades was obtained. The radiometer
scanned across the nadir track on seven scan positions and two ca’ .bration positions (cold sky and
300 K). The dwell time for the cross-track and calibration pesitions was 2.7 s each. The total
scan period was 32 s. The instrument had an instantaneous field of view of 12 deg and scanned
plus or minus 36 deg from the nadir. Archival data are available from SDSD at the National
Climatic Data Center (NCDC), Room 100, World Weather Building, Washington, DC 20233.
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DOD - OTHERS

In 1962 the U.S. Department of Defense (DOD) began to launch many satellites having only
classified program names. This program has continued to the present as principally an Air Force
effort. By 1967 over 25 non-USAF satellites could be identified, and by December 1977 a total of
342 DOD unnamed satellites were launched. Many were undoubtedly reconnaissance saellites,
but it is relatively certain that a significant number were related to the development of the DMSP
meteorological satellite program, and others were early, still classified, launches of the same pro-
gram. DOD has also announced certain named satellite series launches. Examples include Transit
(navigation satellites), the OV series (USAF Orbiting Vehicle research satellites), SESP and STP
(Space Environmental Satellite Program, subsequently named Satellite Technology Program), the
DMSP series (since 1967), DSCS and IDSCS, MIDAS, SAMOS, SECOR, LES, VELA, ERS,
SOLRAD, etc. Since unclassified descriptive material is not available on most early DMSP and
meteorology-related satellites, only the MIDAS satellite/experiment descriptions are provided here
as examples. (Note that MIDAS 1 failed to achieve orbit.)
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SPACECRAFT COMMON NAME- MIDAS 2
ALTERNATE NAMES- 1960 ZETA 1. 00043

HSSDC ID- 60-006A

} AUNCH DATE- 05/24/60 KEIGHT- 2300. KG
LAUNCH SITE- KCNNEDY SPACE CENTER. UNITED STATES
LAUNCH VEHICLE- ATLAS

SPONSORING COUNTRY/AGENCY
UNITED STATES DOD-USAF
INITIAL ORBIT PARAMETERS

ORBIT TYPE- GEOCENTRIC EPDCH DATE- 05/24/60

ORBIT PERIOD- 94.44 MIN INCLINATION- 33.0 DEG

PERIAPSIS- 436. KM ALT APOAPS1S- 511. KM ALT
PERSONNEL

PH - UNKNOWN

PS - UNKNOWN

BRIEF DESCRIPTICN

The MIDAS 2 (Missile Defense Alarm System) sstellite was
an earth-orbiting satellite designed to measure IR background
and define IR sources. in addition, the satellite carried
experiments to measure cosmic radistion. atmospheric density.
thermal emission and reflected solar radiation from the esrth,
and micrometeorites. A plasma probe was included too. The
spacecraft weished 2268 k9 (including the szcond stsge) and was
chemical-battery powered. IR radiation datas were received for
the 1lifetime of the battery pack. which powered the final
transmission on May 26, 1%60.

——=—=—— MIDAL 2, JURSA
INVESTIGATION NAME- NON-SCANNING RADIOMETER

INVESTIGATIVE PROGRAM
SPACC TEST PROGRAM

NSSDC ID- 60-006A-03

INVESTIGATION DISCIPLINE(S)

PERSONNEL
Pl - A, JURSA
0l - E.P. TODD

USAF GEOPHYS LAB
U OF COLORADO

BRIEF DESCRIPTION

This non-scanning radiometer experiment was capable of

mersuring both thermal emission and reflected solar radiation
from the earth. The radiometer subsystem consisted of an
optics turret with appropriate filters: two flake-thermistor

bolometers: one sensitive to thermal radiation (3.5 to 30
micrometers) and the other to visible and near infrared
radiation (0.2 to 4.5 micrometers):; a vibratins-wand chopper;
sn ac amplifier; and telemetry. Each detector was positioned
8t the base of a conical radiation shield that restricted the
angular field of wview to about 5 deg. The raciometer was
mounted facing earthward in the nose cone of the spacecraft. A
complete description of the radiometer can be found in E. Todd,
“Radiometer for high altitude radiation measurements," LASP
Project 1764-Final Report, University of Colorado. Boulder,
Colorado, 1963. The radiometer functioned satisfactorily for 2
days until the spacecraft lost electrical power. The satellite
failed to achieve the sppropriate “earthward® looking
orientation, and the data could not be used for determining the
earth's thermal emission or albedo,

REEAANEN KRR KA Ao oo oo MIDAS 30006 000000006 00 06200 06 06 00 00 00003000 06 06 06 00 00 0 36 ¢

SPACECRAFT COMMON NAME- MIDAS 3
ALTERNATE NAMES- 1961 SIGMA 1, 00163
NSSDC ID- 61-018A

LAUNCH DATE- 07/12/61 HEIGHT- 1600. KG
LAUNCH SITE- VANDENBERG AFB, UNITED STATES

LAUNCH VEHICLE- ATLAS

SPONSORING COUNTRY/AGENCY
UNITED STATES DOD-USAF
INITIAL ORBIT PARAMETERS
ORBIT TYPE- GEOCENTRIC
ORBIT PERIOD- 161.5 MIN
PERIAPSIS- 3358.00 KM ALT

EPOCH DATE- 07/12/61
INCLINATION- 91.2 DEG
APOAPSIS- 35364.00 KM ALY

PERSONNEL

BRIEF DESCRIPTION

MIDAS 3 (MIssile Defense Alarm System) was a satellite
placed in & circular earth orbit to measure IR backsround snd
define IR sources. This was sn overall test of a system for
detection of missile launchings with satellite-dborne IR
sensors. The payload was the same as for MIDAS 2, except that
an Asena B replaced the Agens A as the upper stage. The
satellite carried experiments orn cosmic radiation. atmospheric
density, radiometric measurement., and micrometeorite detection,

and had a plasma probe. The spacecraft weished 3500 1b
(including the second~stage casing), was
chemical-battery-powered, and was launched Ffrom the pacific

missile range. Useful IR radiation data were received for the

1ifetime of the battery pack.

~==--== MIDAS 3. JURSA
IHVESTIGATION NAME- SCANNING RADIOMETER

INVESTIGATIVE PROGRAM
SPACE TEST PROGRAM

NSSDC 1D~ 61-018A-04

INVESTIGATION DYSCIPLINE(S)

JURSA
0l - E.P. TODD

USAF GEOPHYS LAB
U OF COLORADO

BRIEF DESCRIPTION

The scannins radiometer was capable of mezsuring both
thermal emissions and reflected solar radiation from the earth.
The cxperiment wes desisned, 1n particular, to Jetect the
exhaust from a recently launched Intercontinental Ballistic
Mizsiles (ICBM) snd so provide an early warning ssainst any
probable attack. The radiometer subsystem consisted of an
optics turret with aeppropriaste filters; two flake-thermistor
bolometers: one sensitive to thermal radistion (3.5 to 30
micrometers) and the other to visible and near infrared

radiation (0.2 to 4.5 micrometers); vibrating-wand chopper: an
ac amplifier; and telemetry. Each detector was positioned at
the base of a conical radiation shield that restricted the
angular field of view to about S des. The radiometer was

mounted facing earthward in the nose cone of the spacecraft.
The radiometer was ddentical to those flown on MIDAS ] and 2
with the exception of employins a polished rotating mirror that
allowed the radiometer t¢o scan the earth from horizon to
horizon., A complete description of the radiometer can be found
in "Transistorizad radiometers and high altitude measurements.”
Final Report by Dr. E. Yodd. University of Colorado., November
1963. The experiment produced some data. However, neither of
the Getectors functioned well enoush for the data to be useful
ia calculating thermal emission or the albedo of the earth.

HUREENNKNNNNRERN UK unpnnnns MIDAS GUANRENNSRAENERREUN AR AR RN

SPACECRAFT COMMON NAME- MIDAS 4
ALTERNATE NAMES—~ ALPHA DELTA, 00192
WEST FORD (1)

NSSDC ID- 61-028A
LAUNCH DATE- 10/21/61

LAUNCH SITE~ VANDENBERG AFB. UNITED STATES
LAUNCH VEHICLE- ATLAS

WEIGHT- 1800. KG

SPONSORING COUNTRY/AGENCY
UNITED STATES DOD-USAF
INITIAL ORBIT PARAMETERS

ORBIT TYPE- GEOCENTRIC EPOCH DATE~ 10/28/61

ORBIT PERIOD~ 166. MIN INCLINATION- 95.9 DEG
PERIAPSIS- 3496. KM ALT APOAPSIS- 3756. KM ALT
PERSONNEL

BRIEF DESCRIPTION

The MIDAS 4 (MIsslile Defense Alarm System) satellite was
designed primarily to detect the exhaust heat from a recently
launched ICBM by use of infrared sensors. Secondary cbjectives
included the measurement of cosmic radiation and the ejection

of 350 million copper needles into orbit around the earth
(Project West Ford). The needles were o serve as an
artificial scattering medium for radio signals in the

The spacecraft was cvlindrical in shape and
measured approximately 6 m in lensth and 1.5 m in diameter.
The IR sensors and communication subsystem were chemical
battery powered. Once in orbit. the spacecraft was stabilized
in a nose-down attitude so that the IR sensors and telemetry
antenna were always facing earthward. The satellite was
successfully launched into a near polar orbit on October 21.
1961; however, the needles failed to release.

centimeter band.

~——=~== WIDAS 4, TODD-
INVESTIGATION NAME- SCANNING RADIOMETER
NSSDC ID- 61-028A-02

INVESTIGATIVE PROGRAM
SPACE TEST PROGRAM

INVESTIGATION DISCIPLINE(S)

PERSONNEL
P1 - E.P. TODD U OF COLORADO
BRIEF DESCRIPTION
The MIDAS 4 scannins radiometer was capable of measuring
both thermal emissions and reflected solar radiation from tae
earth. The experiment was designed, in particular, to detect
the exhaust from a recently launched ICBM and so provide an
early warning against any probable attack. The radiometer
subsystem consisted of an optics turret with appropriate
filters; two flake-thermistor bolometers: one sensitive to
thermal radiation (3.5 to 30 micrometers) and the other to
visible and near infrared radiation (0.2 to 4.5 micrometers):s =
vibrating-wand chopper; an ac smplifier; and telciiiry. Each
detector was positioned at the b2ae ot a conical radiation
shield that restricted the angular field of view to about 5
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des. The radiometer was mounted facing esrthward in the nose
cone of the spacecraft. The rediometer was identical to those
flown on MIDAS 1 end 2 with the exception of emploving a
polished rotatine mirror, which allowed the radiometer to scan
the earth from horizon to horizon. A complete description of
the rediometer can be found in “Transistorized radiometers and
hish sltitude measurements.” Finsl Report by Dr. E. Vodd.
University of Colorado. November 1963.

HERAANEARN AN NN ERENANNNNE MIDAS SRR NN NN
SPACECRAFY COMMON NAME- MIDAS §
ALTERNATE NAMES- 1962 KAPPA 1, 00271
NSSDC ID- 62-010A

LAUNCH DATE- 04/09/62

LAL™CH SITE- VANDENBERG AFB., UNITED STATES
LAUNCH VEHICLE- ATLAS

KEIGHT- 2000. KG

SPONSORING COUNTRY/AGENCY
UNITED STATES DOD-USAF

INITIAL ORBIT PARAMETERS
ORBIT TYPE- GEOCENTRIC
ORBIT PERIQD- 153. MIN
PERJIAPSIS-  2814. XM ALT

EPOCH DATE- 05/01/62
INCLINATION- 86.7 DEG
APOAPSIS-  3382. KM ALT

PERSONNEL

BRIEF DESCRIPTION

The MIDAS 5 (MIssile Defense Alarm System) satellite was
designed primarily to detect the exhaust heat from a recently
launched ICBM by use of infrared sensors. Secondary obJjectives
included measuring cosmic radiation. energetic particles. and
the effects of the space environment on certain metsls end
emulsions. The spacecraft was cylindrically shaped., measuring
spproximately 6 m in 1lensth and 1.5 m in diameter. Once in
orbit, the spacecraft was stabilized in a nose-down attitude so
thst the IR sensors and antenna were slways facing earthward.

------- MIDAS 5. JURSA-
INVESTIGATION NAME- SCANNING RADIOMETER

INVESTIGATIVE PROGRAM
SPACE TEST PﬁUGRAM

NSSDC 1D~ 62-010A-04

INVESTIGATION DISCIPLINE(S)

PERSONNEL
Pl - A, JURSA
o1 - E.P, TODD

USAF GEOPHYS LAB
U OF COLORADO

BRIEF DESCRIPTION

The MIDAS 5 scanning radiometer was capable of measuring
both thermal emissions and reflected solar radiation from the
earth. The experiment was designed, in particular, to detect
the exhaust from a recently launched ICBM and s¢ to provide an
early warning against probable attack. The radiometer
subsystem consisted of g@n optics turret with appropriate
fllters and two flake-thermistor bolometers., one sensitive to
thermal radiation (3.5 to 30 micrometers) and the other to
visible and near infrared radiation (0.2 to 4.5 micrometers).
Other components included a vibrating-wand chopper, an ac
smplifier, and telemetry. A polished rotatins mirror located
in the optics turret allowed the radiometer to Scan the earth
from horizon to horizon. Each detector was positioned st the
base of a conical radiation shield that restricted the ansular
field of view to about 5 deg. Similar radiometers were flown
on MIDAS 3 and 4. A complete description of the radiometer can
be found in “Transistorized radiometers and high altitude
measurements,™ Final Report by Dr. E. Todd, University of
Colorados November 1963. The experiment was considered partly
successful since only the thermal detector functioned properly.
Radiometer data were obtained for only the first six orbits.

WNRARN RN NN NN u kAN uEauunn MIDAS CAWNRNNNXUANEMN SR NEANRANN

SPACECRAFT COMMON NAME- MIDAS 6
ALTERNATE NAMES- 00574, WEST FORD (2)

NSSDC 1D~ 63-014A
LAUNCH DATE- 05/09/63 WEIGHT- 2000. KG
LAUNCH SITE~ VANDENBERG AFBs» UNITED STATES

LAUNCH VEHICLE- ATLAS

SPONSORING COUNTRY/AGENCY

UNITED STATES DOD~USAF

PERSONNEL

BRIEF DESCRIPTION

The MIDAS 6 (Mlssidl Defsncs AlS, w System) satellite was
desisned onri=zrily <o detect the exhaust hest from a recently
swunched ICBM by use of infrared £. A s dary
objectivz wes to elect 350 million copper needles into earth
orbit (Project MWest Ford). The needles were to serve 8s an
artificial scatterins  medium for radic $i9.mls in the
centimeter band. The spececraft was cylindrically shaped
measuring approximately 6 m in lensth and 1.5 m in diameter.

DOD-5

Once 1in orbit, the spacecraft was stabilized in a nose-down
sttitude so0 that the IR sensors and telemetry antenna were
slways facins earthward. The sotellite continued i1n orbit
until April 1977.

=~=we— MIDAS 6. TODD-

INVESTIGATION NAME-~ SCANNING RADIOMETER
NSSDC 1D- 63-014A-02 INVESTIGATIVE PROGRAM
SPACE TEST PROGRAM

INVESTIGATION DISCIPLINE(S)

PERSONNEL
P1 ~ E.P. TODD U OF COLORADD

BRIEF DESCRIPTION

The MIDAS 6 s anning radiometer was capable of measuring
both thermal emissions and reflected solar radiation from the
earth. The experiment was designed. in particular., to detect
the exhaust from a recently launched ICBM #nd so to provide an
early warning s93inst probable asttaci. The radiometer
subsystem consisted of an optics turret with sppropriaste
filters and two flake-thermistor bolometers. one sensitive to
thermal radiation (3.5 to 30 micrometers) and the other to
visible and near infrared radiation (0.2 to 4.5 micrometers).
Other components included a8 vibrating-wand chopper, an ac
amplifier, and telemetry. A oolished rotating mirror located
in the optics turret allowed the radiometer to scan the earth
from horizon to horizon. Each detector was positioned at the
base of a conical radiation shield that restricted the angular
field of view to sbout 5 d2g. Similar radiometers were flown
on MIDAS 3, 4, and 5. A complete description of the razdiometer
can be found in "Transistorized radiometers and high altitude
measurements,” Final Report by Dr. E. Todd. University of
Colorado. November 1963,
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DODGE SATELLITE

The Department of Defense Gravity Experiment (DODGE) satellite was launched by the
Department of Defense primarily to study gravity-gradicnt stabilization techniques. it was a single
engineering technology satellite, not intended to be part of a larger program. Placed into a nearly
earth-synchronous orbit on July 1, 1967, the satellite carried two vidicon cameras: one narrow-
angle (22 deg FOV) and one wide-angle (60 deg FOV). Both cameras were capable of black-and-
white imaging, but the narrow-angle camera was designed to include capability for color pictures.
To support the primary satellite mission, the cameras were directed to look earthward down the
satellite mast and its extendable 4.6-m long boom to observe the induced bending of the boom and
the alignment of the satellite with respect to the earth. Many meteorologically useful pictures were
obtained, including the first color pictures from near earth-synchronous altitude.
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SPACECRAFT COMMON NAME- DODGE
ALTERNATE NAMES- 02867

NSSDC ID- 67-066F

LAUNCH DATE- 07/01/87 KWETGHT- 195.05 KG
LAUNCH SITE- KENNEDY SPACE CENTER. UNITED STATES
LAUNCH VEHICLE- TITAN

SPONSORING COUNTRY/ZAGENCY
UNITED STATES NASA-NSSA
UNITED STATES DOD-1aVY

ORBIT PARAMETERS
ORB1T TYPE- GEOCENTRIC
ORBIT PERIOD- 1318.9 MIN
PERIAPSIS- 33270. KM ALT

EPOCH DATE- 01/15/68
INCLINATION- 6.2 DEG
APOAPSIS~ 33659. KM ALT

PERSONNEL
PM - J. DASSOULAS
PM - L.P. PRESSLER
PS ~ R.E. FISCHELL

APPLIED PHYSICS LAB
US NAVAL RESEARCH LAB
APPLIED PHYSICS LAB

BRIEF DESCRIPTION

The DODGE (Department of Defense Gravity Experiment)
satellite was orbited primarlly to study a number of advanced
biaxial sand triaxiasl gravity-sradient stabilization techniques
at near-synchronous sltitudes. Secondary objectives included
obtaining measurements of the earth's magnetic €ileld st
near-synchronous sltitudes and black-and-white and color TV
photosraphy of the entire earth disk. DODGE was launched as
part of a multiple DOD satellite payload that in<luded DATS 1.,
LES 5, and IDCSP 16, 17, and 18. The satellite was in the form
of an octagonal aluminum shell with a truncated pyramid at the
top and 8 25.4-cm-diameter cylindrical mast extending 1.57 m
from the satellite bate. The satellite body was 2.41 m long
and 1.22 m {in diameter. A total of 10 knobbed booms were
carr ed on board. Upon radio command. these booms could be
incependently extended or retracted 3long three axes to various
limits out to 45.75 n  The cylindrical mast housed & 4.6-m
boom that extended througsh the end of the mast, two
15.25-m-1ong damper booms that extended in the x~y plane. and
triaxiasl vector magnetometer sensors. The remaining seven
booms were contalned in the satellite body along with a
two-camera (one color and one black-asnd-white) vidicon camera
system. The coemmand system consisted of & dusl command
receiver, dual command Jlogic, and power switching circuitry.
The telemetry system included two directional antennas mounted
on the mast, twc 38-channel commutators fer housekeeping data.
and @ dual transmitter system that transmitted analog data at a
frequency of 240 MHz and TV data at 136.8 MHz. The satellite
was successfully stabilized 12 days after lsunch by means of
the 9gravity-gradient booms and iibration dempening systems. It
was oriented with 1ts base and mast directed toward the center
of the earth's disk. The mission was a success and proved the
feasibility of achieving triaxial gravity-gradient
stabilization 8t synchronous altitudes using passive and
semipassive techniques, The satellite operated for over 3 yr
and took thousands of black-and-white &nd color pictures of the
earth. Early in 1971, eproblems with the batteries on board
limited operation to only solar acquisition periods. The
satellite was placed in an operational off mode in early 197).

——————— DODGE, THOMPSON:

INVESTIGATION NAME- DUAL VIDICON CAMERAS
NSSDC ID- 67-066F-01 INVESTIGATIVE PROGRAM
SPACE TEST PROGRAM

INVESTIGATION DISCIPLINE(S)
METEOROLOGY

PERSONNEL
PI - 7. THOMPSON APPLIED PHYSICS LAB

BRIEF DESCRIPTION

The DODGE dual vidiccn camera experiment was desisned
primarily to determine (1) the alignment of the satellite with
respect to the earth and (2) the amount of solar and
gravitationally induced bending of the downward-pointing
stabilization boom. In addition, the cameras were capsble of
providing information on the structure and dynamics of slobsl
cloud systems, cloud heights. aeirslow, and suroras. The
cameras were mounted in the base of the satellite and viewed
down the 1.57-m-long cylandrical mast toward the esrth. The
earth remained fixed in the field of view (FOV) when all
oscillations were damped out and stabilization was achieved.
The camera system consisted of two vidicon cameras, one with a
22-deg FOV and the other with s 60-des FOV. and associated
electronics and power converters, Both camerss were squipped
with a 2.564~cm vidicon tube (512 lines/scan) and @ special slow
scan (200 sec/scan) video pickup. The 60-deg FOV camera took
black-and-white pictures only end used o simple blade-type
shutter. The 22-deg FOV camera. however, took both color and
black-and-white pictures. It used & rotsting eight-channel
color wheel placed in front of the camera., which provided
shuttering action, Three of the channels were equipped with
blue, 9reen, and red filters, one channel was left blank, and
the remaining four had wvarious shortwave cutofé (hsze or
Rayleigh) filters. Hish~purity quartz cover plates were placed
over the optical filters for protection against radiation
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damage. The normal sequence of operation consisted of s 200-s
charge cycle and alternate exposures and 200~s readouts of the
60-deg and 22-des FOV vidicon tubes. In continuous operation,
. 60-des FOV  camers exposure #nd read cycle followed
immediately. Most of the pictures taken were black-and-white.
On occasion., however, a command was sent from the ground to the
satellite to 4initiste the color photosraphy sequence. This
sequence took 13.3 min and produced three frames, which were
used to 9generate 3 composite color picture. The sequence
consisted of alternate 1.2-s exposures of the camera tube with
esch of the color filters placed in the optical path of the
camers. The information on the vidicon tube was read out for
one color channel while the next color filter was moved into
place. The video signals were then amplified, processed, and
transmitted to the APL sround receiiving station in Howard
County. Marvliand. where the color picture was reconstructed,
The picture included a spherical color standard mounted on the
end of the &.6-m boom that extended out from the cylindrical
mast. An identically colored sphere was kept in the sround
acquisition station to monitor the accuracy of the colors
displayed in the picture. To obtain data needed for the
dynamic boom bending studies., a specisl fast scan (25 sec/scan)
mode wss included. Owing to the motion of the satellite across
the face of the earth, pictures were taken for only 5.5 days
out of 1ts 11.2-day period. when the satellite was within
communication rangse of the ground receiving station. During
this period. the satellite programmer turned the camera system
on every hour on the hour for 10 min. In the normal mode of
operation (slow scan), one picture per camera was obtained
every hour, The fast scan and color picture modes were
initiated and controlled by sround commands. The pictures had
® sround resolution of 66.6 and 24 km for the 60-deg and 22-de9
FOV cameras. respectively. Separate sun sensors protected the
cameras when the sun was in the FOV by preventing the shutter
from opening. Pictures taken during the time when the sun was
eclipsed by the earth provided information on airglow and
auroral phenomena, while normal pictures of the earth provided
data on cloud height by correlating the color bands of
atmospherjic scattering with altitude. The experiment was a
success ond produced over 25.000 pictures. On July 27, 1967,
the DODGE 22-des FOV camera took the first color picture of the
earth ever made from a near-synpchronous altitude. The
negatives and positives of the pictures from 1967 and 1968 are
kept at APL. About 300 pictures from the 1967-1968 period have
been digitized and recorded on magnetic tape and are also kept
8t APL, Pictures from 1969 to 197]1 are stored on magnetic tape
in analog form and on 4~ by S-in. Folaroid prints. Problems
with the spacecraft battery limited operations in 1971 to solar
power dcquisition times only. The last picture was taken in
January 1971, Owing to 1imited funding. the experiment was
placed in an operational off mode in the first quarter of 1971.
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Q EOLE/PEOLE SATELL TE PROGRAM

This French-U.S. satellite program consisted of the initial preliminary EOLE (which was a feasi-
bility test of the EOLE satellite) and the subsequent operational version. Both were very similar in
design and appearance, since the PEQLE design proved to be successful. The spacecraft was
designed for gravity-gradient stabilization, and experimentation was priinarily for weather
communications. The satellite would systematically interrogate a number of constant pressure
level, free-floating balloons to obtain meteorological data (altitude, pressure, temperature, and
humidity) from balloon-borne instrumentation. The EOLE experiment included Doppler equipment
which, in combination with satellite-to-balloon range measurements, could effectivelv track any
given balloon to obtain wind vectors. Balloons were flown in the Southern Hemisphere to reduce
problems of interference with commercial air traffic.
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SPACECRAFT COMMON NAME- EOLE 1
ALTERNATE NAMES- CAS-A., 05435
EOLE

NSSDC ID- 71-0714

LAUNCH DATE- 08/16/71 WEIGHT- 84.7 KG
LAUNCH SITE~ WALLOPS FLIGHT CENTER. UNITED STATES
LAUNCH VEHICLE- SCOUT

SPONSORING COUNYRY/AGENCY
FRANCE
UNITED STATES

INITIAL ORBIT PARAMETERS
ORBIT TYPE- GEOCENTRIC

CNES
NASA-0SSA

EPOCH DATE~ 08/17/71

ORBIT PERIOD- 100.7 MIN INCLINAT JON~ 50. DEG

PERIAPSIS- 677. KM ALT APOAPSIS— 956. KM ALT
PERSON €L

PM -~ S.R. STEVENS NASA-GSFC

PS — W.R. BANDEEN NASA-GSFC

BRIEF DESCRIPTION

EOLE 1, the second French experimental meteorolosical
satellite and the first launched by NASA under a cooperative
#sreement with the Centre National d'Etuves Spatiaies (CNES),
was designed to function primarily as a commuynications
satellite to wcquire and relay telemetered data on altitude,
pressure, temperature., moisture, and upper atmospheric wind
velocitles from Iinstrumented earth-ciccling constant density
meteorological balloons. The octagonelly shaped satellite
megsured 0.71 m across opposite corners and was 0.58 m long.
Electrical power (20 W average) was supplied by edight
rectengular solar panels deployed 45 deg from the ECLE 1 upper
octagonal structure after orbital insertion, end by 15
rechargeable silver-cadmium batteries. Constant earth
orientation was maintained by a deplovable 10.06-m aravity
gradient boom. Satellite spin was near zero rpm in orbit., and
the attitude was programmed to remain stable within 9 deg of
local wvertical. The data were stored on board the spacecraft
and unloaded on command when the spacecraft was within range of
the ground station. The onboard telemetry consisted of (1) 8
136.350-MHz downlink transmitter for relaying balloon telemetry
to ground stations and also to serve @s @& tracking beacon, (2)
8 148.25-MHz receiver for receiving spacecraft commands and
telemetry  prosrams for balloon operations, and (3) a
spacecraft-to-balloon transmitter (464.84 MHz) and receiver
(401.7196 WMHz). The satellite operation was successful with
the exception of the inadvertent destruction o, 71 balloons by
an  erroneous sround command. The last balioon ceased
transmitting in January 1973. However., the spacecraft was
subsequently used to track and receive data from ocean buovs.
icebergs., and ships.

------- EOLE 1, BANDEEMN

INVESTIGATION NAME- UPPER ATMOSPHERE WINDS AND WEATHER DATA
RELAY SYSTEM
NSSDC ID- 71-071A-01 INVESTIGATIVE PROGRAM
CODE EE/CO-OP. APPLICATIONS

INVESTIGATION DISCIPLINE(S)

PERSONNEL

Pl - W.R. BANDEEN NASA-GSFC

0l - A. KASAHARA NATL CTR FOR ATMOS RES
ol -~ . ANGELL NOAA

ol - Y. MINTZ U OF CALIF, LA

oI - P. MOREL CNRS

BRIEF DESCRIPTION

The EOLE 1 upper atmospheric winds and weather dats relay
system consisted of equipment designed primarily to collect
various meteorological <~ ta from balloons 4n the Southern
Hemisphere floating at pressure altitudes of about 200 mb, A
secondary objective was to develop techniques for accurately
determining balloon positions from an orbiting spacezraft. The
satellite carried a modified Doppler system on boards wWhich,
when combined with satellite-acquired range measurements, could
locate s balloon's horizontal position to within plus or minus
3 km. As many as 500 3.66-m, helium-filled., 30-day-lifetime
constant density balloons were launched at the rate of three
per day from three sites in Argentina. with an additional 250
held in reserve to replace those that ¢alled. Each balloon had
8 frangible 9.75-m instrumentation line carrying temperature
and pressure sensors. solar cells and batteries for power
supplies. a telemetry receiver operating at 464.4864 MHz, and a
4~W, 401.71796-MHz transmitter using & linesr sleeve antenna,
The spacecraft interrogsated the balloons both day and night.
individually:. in sequence. or in a progranmed sroup (up to 64
st a time). The balloon position and sensor data were relsyed
to the sround and were fed into & computer prosram that
provided, for operational use. wind speed and direction,
ambient temperature. ambient pressure, and balloen
superpressure. Each bslloon was also equipped with an
explosive charse for self-destruction, which could be trigsered
by sround command i¢ the balloon drifted bevond the
experiment’'s latitudinal 1limits (30 des S to 60 des S). On
September 11, 1971, 71 of the 115 balloons in operation were
sccidentally destroyed when sround personnel inadvertently seat
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up @& seneral destruct command 1instead of the interrosstion
command. The number of bslloons sradually decreased durins the
experiment 1ifetime (due to icins., leakase., etc.). The 1sst
balloons were intentionally destroved 1~ January 1973. The
exporiment was sibsequently used for tracking and collectiny
dats from ocean buoys, iceberss., and ships.

MNRRNAANM NN MM NNNN NN PEOLE 1000w 00006004008 06080000 00062008 300690 06 3806 0 30

SPACECRAFT COMMON NAME- PEOLE 1
ALTERNATE NAMES- PEOLE, PRELIMINAIRE EOLE
04801, DIAMANT-8 NO 2

NSSDC 1D~ 70-10%A

LAUNCH DATE- 12/24/70 WEIGHT- 70. KG
LAUNCH SITE- KOUROU (CENYRE SPATIAL GUYANAIS). FRENCH GUIANA
LAUNCH VEHICLE~- DiAMANT

SPONSORING COUNTRY/AGENCY
FRANCE CNES

INITIAL ORBIT PARAMETERS

ORBIT TYPE- GEOCEWTRIC €EPOCH DATE- 12/1Z/70

ORBIT PERIOD- 9€.9 MIN INCLINATION- 14.98 DEG

PERIAPSIS~ Sl4. KM ALT APOAPS 1S~ 749. KM ALT
PERSONNEL

PM ~ UNKNOWN UNKNOWN

PS - UNKNOWN UNKNOWN

BRIEF DESCRIPTICON

PEOLE 1 {Preliminaire EOLE) was the first French
experimental metecrological satellite and the first launched by
the Centre National d’Etudes Spatiales (CNES) from the Centre
Spstial Guvanais near Kourou., French Guiana. The satellite was
placed 4into a near-circular. near-equatorial orbit. Launched
before the inittation of France's operational meteorological
satellite program, PEOLE 1 was designed to test the feasibility
of @8cquiring data. dincluding wind velocity, by reception of
telemetry and tracking data from independent earth-circling,
constant~iltitude. and meteorolosical balloons. Qualifying
tests were made of a sSravity-yradient stabliization and
attitude system, anboard engineering, and meteorologsical
experimental equipment (hat were later used on the EOLE
meteorologsical satellite. In addition, studies were made of
the effects of the space radiation environment on solar cells
composed of thin layers of cadmium sulfide and cadmium
telluride. The satellite was 1n the form of @& resgular
octahedron 0.70 m across opposite corners and 0.55 m long with
eight solar panels containing 5920 solar cells. which were
deploved 45 deg from the spacecraft's upper r~tagonal structure
after orbital insertion. A 136.350-MHz (1 command receiver
handled the command and programming telemetry, The
satellite-balloon and satellite-earth interrogation systems
were tested with a 400.190-MHz (4-W) transmitter that opvrated
throush an earth-oriented canted turnstile antenna mounted on
the satellite base. PEOLE 1 was a success, and nearly all of
its systems were incorporated into the design of EOLE 1.
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EARTH RADIATION BUDGET EXPERIMENT (ERBE) PROGRAM

The Earth Radiation Budget Experiment (ERBE) program was designed for observations of the
earth's radiation budget on global and regional scales in relation to long-term processes of ihe :
earth's weather and climate. The ERBE system allows the entire earth to be observed at some time g
of each day, and most of the earth at all times of day during every month. It -onsists of three

satellites. Two of the satellites are the NOAA 9 and 10, advanced TIROS-N-class operational \
meteorological satellites, which are placed in 830-km polar, sun-synchronous orbits. The third 3‘
satellite is NASA's Earth Radiation Budget Satellite (ERBS), which was launched in 1984 by & '
Shuttle into a 610-km circular, 57 deg-inclined orbit, covering nearly all parts of the earth from
57 deg S to 57 deg N latitude.

Each of the three spacecraft carries an ERBE nonscanner (ERBE-NS) instrument and a scanner
(ERBE-S) instrument for measuring incident and reflected solar energy, and the earth's emitted
radiation at different wavelengths, ranging from 0.2 to 50 micrometers. In addition, the ERBS
satellite carried a Stratospheric Aerosol and Gas Experiment (SAGE II) sun-scanning radiometer
for measuring solar radiation attenuation caused by atmospheric constituents. Mapped vertical and
horizontal distributions of stratospheric aeroso! and ozone were related to the radiation budget
study. The SAGE Il instrument was the fourth in a series of spaceborne stratospheric aerg:ol
monitors. Earlier models of the sensor were flown on the Apolio/Soyuz Test Project, Nimbus 7,
and SAGE (AEM-B).

For satellite and experiment descriptions of the other two ERBE experiruents, see NOAA 9 and 10.
A special issue of Rev. Geophys., v. 24, 1986, contains more details on the ERBE program and
some preliminary results.
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SPACECRAFT COMMUN NAME- ERBS
ALTERNATE NAMES- EART! RAD BUDGET SAT. ERBS-A
15356

NSSDC 10- 84-108B

LAUNCH DATE- 10/05/84 WEIGHT- 2250. KG
LAUNCH SITE- KENNEDY SPACE CENTER, UNITED STATES

LAUNCH VEHICLE- SHUTTLE

SPONSORING COUNTRY/AGENCY

UNITED STATES NASA-0SSA
INITIAL ORBIT PARAMETERS
ORBIT TYPE- GEOCENTRIC EPOCH DATE~ 12/.1/84
ORBIT PERIOD- 96.8 MIN INCLINATION- 57. DEG
PERIAPSIS~ 598. KM ALT APOAP31S~ 609. KM ALT
PERSONNEL
PM - C.L. WAGNER. JR. NASA-GSFC
PS - M.D. KIKNG NASA-GSFC

BRIEF DESCRIPTION

The E£arth Radiation Budget Sate'lite (ERBS) was designed
to be 8 2-yr mission to gather required radiation budget data,
aerosol data, and ozone data to assess climate change and ozone
depletion. The two experiments were the Earth Radiation Budset
Experiment (ERBE) snd the Stratospheric Aerosol and Gas
Experiment I1I (SAGE 11V, An cRBE 1s also carried on two
TIROS-N series (NOAA 9 and NDAA-G) missions.

-- ERBS, BARKSTROM-
INVESTIGAT® N NAME- EARTH RADIATION BURGET EXPERIMENT (ERBE)

NSSDC 1D~ 84-108B-01 INVESTIGATIVE PROGRAM

CODE EE, APPLICATIONS

INVESTIGATION DISCIPLINE(S)
METEOROLOGY
ATMOSPHERIC PHYSICS

PERSONNEL
EM - J.E. COOPER NASA~LARC
TL ~ B.R. BARKSTROM NASA-LARC

BRIEF DESCRIPTION

The Earth Radiation Budoet Experiment (ERBE) wds designed
to measure the energy exchange between the earth-atmosphere
system and space. The measurements of 9lobal, zonal, &ud
regional radiation budgets on monthly time scales helped in
climate prediction and 4n the development of statistical
relationships between resglonal weather and radiation budget
anomalies. The ERBE consisted of two !nstrument packages: the
non-scanner (ERBE-NS) instrument and the scanner (ERBS-S)
instrument. The ERBE~NS instrument had five sensors, each
using cavity radiometer detectors. Four of them were primarily
earth-viewing, Two wide field-of-view (FOV) sensors viewed the
entire disk of the earth from limb to limb, approximately 135
deg. Two medium FOV sensors viewed a 10-deg resion. The fifth
sensor was a solar monitor that measured the total radiution
from the sun., Of the four earth-viewing sensors. one wide and
one medium OV sensor made total radiation measurements; the
other two measured reflected solar radiation in the shortwave
spectral band bhetween 0.2 and 5 micrometers by using Suprasil-W
filters, The earth-emitted longwave radiation component was
determined by subtracting the shortwave measurement from the
total measurement. The ERBE-S instrument was 8 scanning
radiometer which contained threr narrow FOV channels. One
channel mecsured reflected solar radiation in the shortwave
spectral interval Dbetween 0.2 and % micrometers. Another
channel measured earth-emitted radiation in the longwave
spectral resion from 5 to 50 micrometers. The third channcl
measured total radiaticn with a wavelensth Detween 0.2 and 50
micrometers. All three channels wers Jlocated within a
continuously rotating scan drum which scanned the FOV across
track sequentially from horizon to horizon. Each channel made
74 rediometric measurements during esch scan, and the FOV of
each channel was 3 by 4.5 des that cov ~-d about 40 km at the
earth's surface., The ERBE-S also viewed the sun for
calibration. Additional information can be obtaine. f-om the
“Earth Radiation Budgst Experiment (ERBE): An Overview,™ J.
Enersy. v. 6. pp. 141-146-(1982), by B, R. Barkstrom and J. B,
Hall, Jr. See Appendix B3 for a list of ERBE investisators.

=we==== ERBS, MCCORMICK:

INVESTIGATION NAME- STRATOSPHERIC AEROSOL AND GAS {(SAGE)
NSSDC 1D- 84-108B-"2 INVESTIGATIVE PROGRAM
CODE EE. APPLICATIONS

INVESYIGATION DISCIPLINE(S)
METEOROLOGY
UPPER ATMOSPHERE RESEARCH
ATMOSPHERIC PHYSICS

ERXB-4

PERSONNEL
Pl - M.P. MCCORMICK NASA-LARC
01 - L. MCMASTERS NASA-LARC
0l ~ MW, VAUGHAN NASA~LARC

BRIEF DESCRIPTION

The SAGE sensor was s multi~spectral channel radiometer
which measured the extinction of solar radiation intensity
during solar occultation. As the spacecra’t emerged from the
earth's shadow durine each orbit, the sentor acquired the sun
and measured the solar dntensity 1in seven wavelength bands
centered between 0.385 anc 1.0 micrometers as it scanned the
sun vertically, As the spacecraft cont.nued 1n orbit. tne 1line
¢f sight from ¢hp spdcecraft to the ricing sin seanned Ye
earth's  etmosphere. resulting in A meat ement of .ne
attenuated solar 1intensity at different atmcsphéric laverc.
The procedure was then rerzated in a reverse sense during
spacecraft sunset. Each suntise or sunset event was monitored
from the top of the clouds to approximately 155 km above the
earth's surface. T7The s2nsor had an instantaneous field of view
of approximately 0.5 km measured at the horizon for a 600-km
orbit. The dyiamic range of eacn radiometric channel was
approximately 4000, and the uncertainty 1in any radiomrtric
measurement was specified to be 1less than 0.1% of the
unattenuated solar intensity (the sensor was partially
self-calibrating 4n that a measurement of the unattenuvted
solar intensity was made prior to eich spacecraft sunset and
folloving each spacecraft sunrise). Furthermore, zero
intensity levels were reached ev~ry time the elevation mirrer
scanned off the sun. The 1instrumeat module consisted of
optical and electronic subassemblies mounted side by sice. The
optical subassembly consisted of 8 ¢lat scannira mirror.
Cassegrain optics, and a detector packagse. The entirs optical
subassembly was gimbaled 1in azimuth. The azimuth serveo
employed suih sensors driven to null on the center of the sun to
8 tolerance of plus or minus } arc-min. At ‘ne beginniny of a
sunrise or sunset event, the instrument s).wed in azimuth to a
positior to acquire the sun. Upon acquizition in azimuth, the
mirror serve ccanned in elevstion until the sun was escquired.
The sc n range s then reduced to scanning back and forib
acroas the -olar 4imdse orly. The solar input was reflected
from the scan wmicror *hroush the Cascegrain telescope. which
produced a solar imagse upon the science detector aperture.
Thais image was scanned across the aperture by the motion of the
scan mirror. The radiati.n throush the sperture was dispersed.
and the beams reopresenting the wavelensth bands were then
collected and applied to silicon pin diode detectors. The
outputs of the detectors were fed to signal-conditioning
amplifiers whose outputs went to the PCM encoder. The PCM
encoder multiplexed and digitized the signals and then
transferrsd the digital data to the ERBS data system. The
radiometric data for each wavelength chann2l were sampled 64
times per second or approximately four tames per kilometer of
tangent altitude., and they were digitized to 12 bits. These
¢ata, plus science surporting data and instrument module
housekeepins data. totalled approximately 6 kbps. See Appendix
B for a list of SAGE-1] investisators.
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ENVIRONMENTAL SCIENCE SERVICES ADMINISTRATION (ESSA)
SATELLITE PROGRAM

The Operational TIROS (OT) and TIROS Operational Satellite (TOS), more commonly known as
the ESSA program (Environmental Science Services Administration), grew out of the experience in
space technology gained through the TIROS R&D program. Built and launched by NASA and
operated and financed by ESSA, these satellites were designed to provide both local and global
daytime coverage of the earth's surface and cloud cover on a daily basis, 2nd to obtain global heat-
balance data.

The program operation was initiated on February 3, 1966, with the launch of OT 3 from the
Eastern Test Range by a Delta rocket into the successful orbit of ESSA 1. Later spacecraft in the
series were launched from the Western Test Range using an improved Delta rocket. A total of nine
ESSA spacecraft were successfully placed in orbit with a tenth (TOS-H) built and placed in
storage.

All OT and TOS spacecraft were launched into circular, near-polar, sun-synchronous orbits, and
were spin stabilized in a cartwheel mode. Improved attitude configuration, higher crbits, and better
camera resolution gave ESSA spacecraft significantly improved photographic capabilities over the
previously launched TIROS spacecraft. ESSA 2, 4, 6, and 8 were equipped with two identical
2.54-cm diameter, 800-line, vidi~ou APT cameras to provide direct readout of daytime cloud cover
over specified locations. ESSA 3, 5, 7, and 9 were fitted with two redundant 2.54-cm diameter,
800-line, Advanced Vidicon Camera System (AVCS) cameras and a dual tape recorder for photo-
graphing and storing global cloud-cover data for subsequent transmission to ground acquisition
stations at Wallops Island, VA, and Fairbanks, AK. The cameras on ESSA 1 were identical to the
vidicons used on TIROS satellites. With the exception of ESSA 1, the cameras were mounted
perpendicular to the spin axis. All odd-numbered ESSA spacecraft after ESSA 1 also carried two
low-resolution infrared Flat Plate Radiomeiers (FPRs) that were mounted on the satellite baseplate
and used to monitor the intensity of emitted and reflected radiation from the earth-atr .2 5ohere
systerm on a global scale.

The operating system consisted of two ESSA satellites functioning simultaneously: one AVCS-
equipped spacecraft and one APT-equipped spacecraft. The system provided full daytime global
imagery of cloud systems on a daily basis. These spacecraft proved extremely reliable. Over
140,000 useful meteorological photographs were received from the AVCS experiment on ESSA 9,
before it was placed in an operationally off mode in November 1972. The APT experiment was a
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great aid to operational meteorology at the local level; by 1971 nearly 600 stations throughout the p
world were capable of receiving real-time, cloud-cover photographs frcm APT-equipped ESSA ’
spacecraft. Although no historical APT data are available, the experiment brief description is

included here for completeness.
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Spacecraft Name - ESSA 1-9

S/C Alternate NSSDC Launch Inc. Perig. Apog. Pd..
Name ID Date (deg) (km) (km) (min)
ESSA 1 OT3 66-008A 02/03/66 979 1702 845 100.4
ESSA 2 oT2 66-016A 02/28/66 101.0 1356 1418 113.6
ESSA 3 TOS-A 66-087A 10/02/66 101.1 1383  i493 114.6
ESSA 4 TOS-B 67-006A 01/26/67 162.0 1328 1443 1135
ESSA S TOS-C 67-036A 04/20/67 102.0 1361 1423 113.6
ESSA 6 TOS-D 67-114A 11/10/67 102.1 1410 1488 1148
ESSA7 TOS-E 68-069A 08/16/68 101.7 1432 1476 1150
ESSA 8 TOS-F 68-114A 12/15/68 1019 1410 1473 1147
ESSA 9 TOS-G 69-016A 02/26/69 101.8 1427 1508 115.3
S/C PM PS
ESSA 1 R. M. Rados (Retired) Aero. and Meteo. Div.
NASA/GSFC NASA/GSFC
ESSA 29 W. W. Jones (NLA)
NASA/GSFC
Brief Description

ESSA 1-9 (Environmental Science Services Administration) were spin-stabilized operational
meteorological spacecraft designed to take daytime cloud-cover pictures and solar and terrestrial
radiation on a global basis. They were also known as Operational TIROS (O1) and TIROS
Operational Satellites (TOS). ESSA 1 had a redundant vidicon camera system. _.ater odd-number
ESSA satellites were equipped with two Advanced Vidicon Camera System (AVCS) cameras.
Even-numbered ESS A saicliites had two Automatic Picture Transmission (APT) cameras. The
AVCS satellites also carried a Flat Plate Racdiometer (FPR) system. The satellites had essentially
the same configuration as that of the TIROS series; i.e., an 18-sided right prism, 107 cm across
opposite corners and 56 cm high, with a reinforced baseplatc carrying most of the subsystems and
a cover assembly (HAT). Electrical power was provided by approximately 10,000 1- by 2-cm
solar cells that were mounted on the cover assembly and by 21 nickel-cadmium batteries. A pair of
crossed-dipole command and receiving antennas projected out and down from the baseplate. A
monopole telemetry and tracking antenna extended up from the top of the cover assembly. Each
satellite was placed in a cartwheel orbital mode, with its spin axis maintained normal to the orbital
plane. The satellite spin rate and attitude were determined primarily by a magnetic attitude spin coil
(MASC). The MASC was a current-carrying coil raounted in the cover assembly. The magnetic
field induced by the current interacted with the earth's magnetic field to provide the necessary
torque maintaining a desired spin rate of 9.225 rpm for odd-numbered ESSA and 10.9 rpm for
even-numbered ESSA. Five small solid-fuel thrusters mounted around the baseplate provided a
secondary means of controlling the spacecraft spin rete.
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ESSA 19, NESS ¢ ff
Investigation Name - Advanced Vidicon Camera System (AVCS)

Flown on - ESSA 3,5,7,9

NSSDC ID - 66-087-01, 67-036A-01, 68-069A-01, 69-016A-01

PI - NESS Staff NOAA/NESS
Brief Description

This system was a camera, tape recorder, and transmitter combination that could record and store a
series of remote daytime cloud-cover pictures for subsequent playback to a ground data acquisition
facility. The cameras and tape recorder system were essentially the same as those on Nimbus 1
and 2. The ESSA AVCS system consisted of two redundant wide-angle cameras with 2.54-cm
vidicons. The cameras were mounted 180 deg apart on the side of the spacecraft, with their optical
axes perpendicular to the spin axis. The camera optical system employed a 180 deg lens with a fo-
cal length of 6.0 mm. Each camera was independently triggered into action only when it came into
view of the earth. A video frame consisted of 0.25 s of blanked video followed by 6.25 s of vidi-
con scan (833 lines) and a final 0.25-s period of blanked video. Concurrent with shutter actuation,
a 16-increment gray scale was included at the edge of each picture frame as a contrast check. A
four-track tape recorder could store up to 36 pictures. The data could be read out between picture-
taking cycles without losing a picture or interrupting a sequence. Six or 12 AVCS pictures per or-
bit could be programmed. At nominal attitude and altitude (approximately 1450 km), a picture
covered a 3100- by 3100-km square with a horizontal resolution cf about 3 km at nadir. There
was a 50% overlap along the track between successive pictures to ensure compiete coverage. The
experiment was a success. Data from this experiment are available through SDSD. For an index
of available data, see the "Catalog of Meteorological Satellite Data - ESSA 3 Television Cloud
Photography," and the "Catalog of Meteorological Satellite Data - ESSA 3 and ESSA 5 Television
Cloud Photography," etc., for sale from the U.S. Superintendent of Documents.

ESSA 1-9, NESS Staff

investigation Name - Vidicon Cameia System

Flown on - ESSA 1

NSSDC I - 66-008A-01

PI - NESS Staff NOAA/NESS
Brief Description

This system was a camera, tape recorder, and transmitter combination that could record and store a
series of remote daytime cloud-cover pictures for subsequent playback to a ground data acquisition
facility. The system was similar to d.ose flown on previous TIROS missions, consisting of two
redundant 500-scan-line TV cameras with 1.27-cm vidicons. The cameras were mounted 180 deg
apart on the side of the spacecraft and were canted 75 deg from the spacecraft spin axis. The
cameras were triggered into action only when they came into view of the earth. Each tape recorder
had two separate channels, one for storing video signals and one for sun-angle data, which served
as a time reference. Up to 32 pictures consisting of five levels of gray could be stored fc:
subsequent piayback. Atnominal attitude and aititude (approximately 1450 km), the cameras
covered a 1200- by 1200-km square with a spatial resolution of about 3 km at nadir. The
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experiment was a success. Data from this experiment are available through SDSD. For a cor plete
index of data, see parts 1 and 2 of the "Catalog of Meteorological Satellite Data - ESSA 1
Television Cloud Photography,"” for sale from the U.S. Superintendent of Documents.

ESSA 1-9, Suomi

Investigation Name - Flat Plate Radiometer (FPR)
rlown on - ESSA 3,5,7,9
NSSDC ID - 66-087A-02, 67-036A-02, 68-069A-02, 69-016A-02

PI - V.E. Suomi U. of Wisccnsin
Ol - R. S. Parent U. of Wisconsin
Brief Description

This experiment was designed to provide a measurement of the global distribution of reflected
solar and long-wave radiation leaving the earth. The FPR system was composed of four infrared &
sensors, an analog-to-digital converter, a commutator, and a tape recorder. Two pairs of radio-
meters were mounted on opposite sices of the spacecraft, with their axes perpendicular to the spin
axis. A cone shield was employed on two of the radiometers to isolate or reduce any response
due to direct solar radiation. The field of view on the other two instruments was unrestricted.
Both types of radiometers used a coated (either black or white) aluminum disk as the sensing
element. The disk temperature was measured by two thermistors mounted on the back surface of
the disk. The black-coated disk responded to the sum of the reflected solar, direct solar, and
emitted long-wave radiation. The white disk reflected in the visual range but absorbed in the
infrared (7- to 30-micrometer) range. Data from this experiment are available through SDSD.
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ESSA 1-9, NESS Staff

Investigation Name - Automatic Picture Transmission (APT)

Flown on - ESSA 2, 4, 6, 8

NSSDC ID - 66-016A-01, 67-006A-01, 67-114A-01, 68-114A-01

PI - NESS Staff NOAA/NESS
Brief Description

This experiment was a camera and transmitter combination designed to transmit real-time, daylight,
slow-scan ielevision pictures of cloud cover to any properly equipped ground receiving station.
The camera system consisted of two redundant APT cameras with 2.54-cm-diameter vidicons.
Each camera had a 108-deg wide-angle /1.8 objective lens with a focal length of 5.7 mm. The
cameras were mounted 180 deg apart on the side of the spacecraft, with their optical axes perpen-
dicular to the spacecraft spin axis. The cameras were programmed to take four or eight APT
pictures per orbit. The actual photography required 8 s and the transmission 200 s. Earth-cloud
images retained on the photosensitive surface of the vidicon were read out at four lines per second
to produce on 800-line picture. Two 5-W TV transmitters (137.5 MHz) relayed the pictures to
local APT stations within the communication range. The faceplate of the vidicon had reticle marks
that appeared on the picture format to aid in relating the picture to its geographical position on the
earth's surface. A.nominal satellite attitude and altitude (approximately 1450 km), a picture
covered a 31(4)- by 3100-km square with a horizontal resolution of about 4 km at nadir. There
was a 30% overlap between pictures along the track to ensure complete coverage. APT data were
primarily intended for operational use within the local APT acquisition station.
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EXPLORER SATELLITE PROGRAM

The Explorer program had its beginnings 2s a joint effort by the U.S. Army and Navy under pro-
ject "Orbiter." These efforts were terminated with approval of the Navy Vanguard program in
September 1955. On November 8, 1957, 35 days after the Sputnik 1 success and 28 days prior to
the first Vanguard launch att=mpt, DOD announced Army participation in the satellite launch efforts
for the 1959 IGY. The resultant efforts based upon the project Orbiter experience and the
Redstone rocket as a first stage led to a successful launch of Explorer 1 by a four-stage (Jupiter C)
launch vehicle on February 1, 1958. The Explorer series continues to be used as a name for small,
usually rather sp-cialized research satellites primarily for astrogeophysical studies. Approximately
56 Explorer satellites had been launched as of 1985. Explorer 6 carried a cloud-cover experiment
similar to that on Vanguard 2, and Explorer 7 carried a radiometry experiment to observe both
incoming and outgoing thermal radiation. Further U.S. research work for meteorological applica-
tions was done primarily on the TIROS, Nimbus, and SMS/GOES satellite series.
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SPACECRAFT COMMON NAME- EXPLORER 6
ALTERNATE NAMES- ABLE 3, 1959 DELTA 1
00015

NSSDC 1D~ 59-004A

LAUNCH DATE- 08/07/5¢ WETGHT- 64. KG
LAUNCH STTE- KENNEDY SPACE CENTER., UNITED STATES
LAUNCH VEHICLE- THOR

SPONSORING COUNTRY/AGENCY
UNITED STATES NASA-053A
UNITED STATES DOD-USAF

INITIAL ORBIT PARAMETERS
ORBIT TYPE- GEOCENTRIC
ORBIT PERIOD- 754. MIN
PERIAPSIS~ 237.000 KM ALT

EPOCH DATE- 12/19/59
INCLINAT ION- 47.0 DEG
APOAPS1S~ 41900.0 KM ALT

PERSONNEL
PM -~ J.C. LINDSAY(DECEASED) HNASA-GSFC
PS -~ J.C. LINDSAY(DECEASED) NASA-GSFC

BRIEF DESCRIPTION

Explorer 6 was a small, spheroidal satellite desiened to
study trapped radiation of various enersies., galactic cosmic
rays, geomagnetism, radio prcpegation in the upper atmosphere.
and the flux of micrometeorites. It slso tested a scanning
device desiagned for photographing the earth’s cloud cover. The
satellite was launched into & highly elliptical orbit with an
initial local time of apogee of 2100 h. The satellite was spin
stabilized at 2.8 rps, with the direction of the spin axis
having @& right ascension of 217 des and a declination of 23
deg. Four solar cell paddles mounted near 1ts equstor
recharged the storage batteries while in orbdit. Each
experiment except the television scanner had two outputs,
digital and analeg. A UHF transmitter was used for the digital
telemetry and the TV sisnal. Two VHF transmitters were used to
transmit the analog sisnal. The VHF transmitters were operated
continuously. The UHF transmitter was operated for only a few
hours each dav. Only three of the solar cell paddles fully
erected, and this occurred during spin up rather than prior to
spin up as planned. Consequently. initial operation of the
payload power supply was 63% nominal. and this decreased with
time, The decreased power c¢:'.5¢d a8 lower signal-to-noise ratio
affecting most of the data sspecially near apogee. One VHF
transmitter falled on September 11, 1959, and the last contact
with the payload was made on Octcber 6. 1959, at which time the
solar cell chareing current had fallen below that required to
maintain the satellite equipment. A total of 827 h of analog
and 23 h of digital data was obtained.

------- EXPLORER 6, BAKER

INVESTICATION NAME~ TV OPTICAL SCANNER

INVESTIGATIVE PROGRAM
CODE EE, APPLICATIONS

NSSDC ID- 59-004A- 05

INVESTIGATION DISCIPLINE(S)
METEOROLOGY

PERSONNEL
Pl - K.D. BAKER UTAH STATE U
BRIEF DESCRIPTION
The TV optical scanner flown on Explorer 6 was an
improved version of the TV system first emploved on Pioneer 2,
The experiment consisted of an optical unit containing a
concave spherical mirror and phototransistor., a video
amplifier, timing and losic circuits. and telemetry. The
experiment was designed to test the feasibility of using such
instrumentation ¢t obtain low-resclution daylight cloudcover

photographs, ‘v Explorer 6 scanner also served as s
forerunner to TV camera systems carried on later. more
advanced sstel’ s The scanner's optical axis was directed

45 deg away from the spacecraft spin axis, which was parallel
to the orbital plane. The vehicle’'s spin furnished the line
scanning., and the spacecraft’s forward motion along its
trajectory provided the frame scanning. During @ scan (one
spacecraft revolution), @& single scan spot (element) on earth
was viewed and transmitted back to earth. During the next
spocecraft revolution, sn adjacent spot was scanned. This
procedure was repeated until a line of 64 such spots was
formed. Then the process was repeated to form an a jacent line
of elements, and so ons until a frame, or picture. was
obtained. The system could produce useful photosraphs only
when the spacecraft's velocity and orbital position were such
that successive 1lines overlapped. (At aposee, for .n.mple, the
TV 1lines were suparated by 8 distance about equal to their
length, snd hence no meaningful picture could be obtained.)
Data obtuined from this experiment are limited and of extremely
poor quality. Proper spacecraft orientation was never
schisved, resultins in @ considerable amount of blank space
between successive scan lines. The scanner's losic circuits
also failed to operate .ormally (only every fourth scan spot
could be successfully reproduced)., further reducing the
resolution. The last useful dsta were obtained on Ausust 25.
1959.
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SPACECRAFY COMMON NAME- EXPLORER 7
ALTERNATE NAMES- 1959 10TA 1. § 1A
00022

NSsuC 1D~ 59-009A

LAUNCH DATE- 10/13/59 WEIGHT- 41.50 KG
LAUNCH SITE- KENNEDY SPACE CENTER., UNITED STATES
LAUNCH VEHICLE~ JUNO

SPONSORING COUNTRY/ZAGENCY
UNITED STATES DOD-ARMY

INITIAL ORBIT PARAMETERS
ORBIT TYPE- GEQCENTRIC
ORBIT PERIOD- 101.38 MIN

EPOCH DATE- 10/21/59
INCLINATION-  50.27 DEG

PERIAPSIS~ 573. KM ALT APOAPSIS- 1073. KM ALT
PERSONNEL

PM - H.E. LAGOW(REYIRED) NASA-GSFC

PS ~ H.E. LAGOW(RETIRED} NASA-GSFC

BRIEF DESCRIPTION

Explorer 7 was desigsned to measure solar X-ray and
Ltyman-alpha flux, trapped energetic particles, and heavy
primary cosmic rays (2>8). Secondary objectives included
collecting data on micrometeoroid penetration and molecular
sputtering snd studying the earth-atmosphere heat balance. The
spin-stabilized satellite's external structure consisted of two
truncated rraical fiberglass shells Joined by & cylindrical
aluminum cencer section, The spacecraft was 75 cm wide st 1ts
equator and about 75 cm high. The spacecraft was powered by
approximately 3000 solar cells mounted on both the upper and
lower shells. Additional power was provided by 15
nickel-cadmium batteries that were positioned on its equater
near the outer skin as an aid in maintaining a proper spin
rate. Two crossed dipole (1 W, 20 MHz) telemetry antennas
projected outward from the center section., and a 108-MHz
antenna used for tracking was mounted on the bottom of the
lower shell. Located around the periphery of the center
section were five bolometers for thermal radiation measurements
and three cadmium sulfide mirrometeoroid detector cells, A
cylindrical jon chamber (lithium flourid window) and a
beryllium window X-ray chamber were located on opposite sides
of the upper cone., and a cosmic-ray Geiger counter was located
on the very top. A primary cosmic-ray lonizatiou chamber was
located wi.hin the center rortion of the upper cone. Useful
real-time data were transmitted from launch through February
1961 and intermittently untll August 24, 1961,

------- EXPLORER 7, SUOMI
INVESTIGATION NAME- THERMAL ® DIATION
NSSDC ID- 59-009A-01

INVESTIGATIVE PROGRAM
CODE EE, APPLICATIONS

INVE ,TIGATION DISCIPLINE(S})
METEOROLOGY

PERSONNEL
Pl - V.E. SUOM1 U OF WISCONSIN

BRIEF DESCRIPTION

The Explorer 7 thermal radistion experiment was designed
to mecsure incident and refle ted solar UV radiation and
terresirial IR radiation in order to obtaln a better
understanding of the drivins forces of the earth-atmosphere
system. The primary instrumentation consisted of five
bolometers in the form of hollow silver hemispheres that were
thermally 1insulated from, but in close proximity to specialls
alumini.'ed mirrors. The hemispheres thereby behaved very much
like d:olated spheres in space. Two of the hemispheres had
black coatinss and responded about equally to solar and
terrestrial radiation, A third hemisphere. coated white, was
more sensitive to terrestrial radiation than to solar
radiation. A fourths which had a gold metal surface, was more
sensit.ve to solar radiation than to terrestrisl radiation.
The f€1fth hemisphere. protected from direct sunlisht, was used
to measure the reflected sunlight. A slass-coated bead
thermistor was mounted on the top of each hemisphere to measure
the temperature. A complete set of four temperature
observations and one reference sample required 30 s. Thus, in
each orbit, about 180 temperature measurements could be
obtained. The experiment was & success, and usable data were
obtained from launch until February 28. 1961.
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GEMINI PROGRAM

The Gemini program (designed to carry two astronauis) was the second U.S. manned program and
was the follow-on to the Mercury manned prograin (one astronaut capability). Objectives of this
program were to develop long-duration manned flight and rendezvous capabilities, to develop
precise reentry control, to attain flight and ground crew proficiency, to develop extravehicular
capability, and to carry out selected scientific experiments.

The program was first approved in November 1961, with orbital flights occurring from April 1964
through November 1966. Gemini orbits were near 30 deg inclination with apogee/perigee
approximately 320/160 miles with the exception of #xcursions to 765 km by Gemini 10 and to
1370 km by Gemini 11. Four dockings and nine EV As were successfully carried out. All
obiectives were achieved.

Among the scientific experiments included were a cloudtop spectroscopy experiment to determine
cloudtop heights by oxygen absorption between 0.075 and 0.078 micrometer (on Gemini 5 and 8)
and a space object radiometry experiment to study the spectral irradiance of various targets such as
airglow, cloud cover, and selected terrain objects (on Gemini 5 and 7). A synoptic weather terrain
photography experiment was also conducted on Gemini 8-12. On Gemini 3 throngh 9, a
Hasselblad S00C, 80-mm/f2.8 camera was used. For the Gemini 7 flight, a 250-mm/f4.5 lens
was added. For the Gemini 9 through 12 flights, two cameras (three for Gemini 9) were used: a
super wide-angle Hasselblad 70-mm camera with a 38-mm/f4.5 lens and a specially designed
Maurer 70-mm camera with an 80-mm/f2.8 lens. All cameras were hand-held. The same cameras
were used for both the synoptic terrain and synoptic weather (S005 and S006) experimenis.

A complete index and a generous sample of prints from the Gemini photographs are contained in
NASA SP 129 (Gemini 3-5) and NASA SP 171. Over 2400 photographs were taken and are
available from the EROS Data Center. In addition to spacecraft and experiment descriptions, a
summary table of the Gemini Program is appended (see Table 6).

GEM-3




%
{
L.

TABLE 6

GEMINI PROGRAM
Gemini Vehicle Number *
NSSDCID
Launch Date
Flight Duration (DDHHMM)
Docking/Rendezvous/EVA
Earth Photography!
Crew/Remarks
1 64-018A 04-08 03,23,15 Structural test
2 01-19 00,00, 18 Systems and structural test
3 65-024A 03-23 00,04, 52 H Grissom, Young
4 65-043A 06-03 04,01,56 E H McDivitt, White
5 65-068A 08-21 07,22,56 H Cooper, Conrad
6 GEM6 10-25 Flight cancelled -
target failure
7 65-100A 12-04 13, 18, 35 H Borman, Lovell
6A 65-104A 12-15  01,01,53 i H Schirra, Stafford
8 66-020A 03-16 00, 10, 41 D H Armstrong, Scott
9TA GEM9TA 05-16 Target failure
9 GEM9 05-17 Flight cancelled -
target failure
9TB 66-046A 06-M
9A% 66-047A 06-03 03,01,04 R, E H,H2,M  Stafford, Cernan
10T  66-064A 07-18
10 66-066A 07-18  02,22,46 D, E H2, M Young, Collins
11T  66-080A 09-12
11 66-081A 09-12  02,23,17 D, E H2, M Conrad, Gordon
12T  66-103A 11-11
12 66-104A 11-11 02, 22,37 D, E H2,M Lovell, Aldrin
YA = Rescheduled flight
TA, TB = Target vehicle
tH = Hassclblad 509c, 80 mm, {2.8 (also 250 min, f4.5 on Gemini 7)
H2 = Hasselblad Super wide-angle-C, 38 mm, 4.5
M = Maurer 80 mm, 2.8

§ Gemini 9A is often referred to as Gemini 9.
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Spacecraft Name - Gemnini 3-12

S/C NSSDC Launch Incl. Perig.  Apog. Pd.
ID Date (deg) (km) (km)  (min)
Gemini 3 65-024A 03/23/65 33.0 160 2.0 §8.6
Gemini 4 65-043A 06/04/65 325 162 281 88.8
Gemini § 635-068A 08/21/65 32.6 197 303 89.4
Gemini 6A  65-104A 12/15/65 28.9 258 271 89.6
Gemini 7 65-170A 12/04/65 28.9 292 298 90.3
Gemini 8 66-G20A 03/16/66 28.9 285 298 90.2
Gemini 9 66-047A 06/03/66 28.9 270 272 89.8
Gemini 10  66-066A (7/18/66 28.9 391 400 92.3
Gemini 11 66-081A 09/12/66 28.8 161 280 §8.8
Gemini 12 66-104A 11/11/66 28.8 243 310 89.9
PM - W. C. Schneider (Retired) NASA Headquarters
PM - C. W. Muthews (Retired) NASA/ISC
Brief Description

The specific objectives of the Gemini m'ssions were (1) to determine how inan performs in the
space environment on flights of as muc’i as 2 weeks; (2) to develogp the capability to rendezvous
with another craft and dock with it; (3) to maneuver the combined vehicles; {4) to provide a plat-
form for scientific, engineering, and medical experiments; (5) to develop methods of controlling
reentry flight paths to selected landing areas; and (6) to aevelop astronaut spaceflight experience,
including extravehicular activity. The experiments conducted during manned flights derived from a
variety of disciplines including aeronomy, astronomy, biology, physiology, geography, geology,
meteorology, and space physics. The Gemini missions were highly successful and produced som«:
significant experimental results.

.- Gemini 3-12, Lowman - oo

Investigation Narne - Synoptic Terrain Photography
Flown on - Gemini 3-12

NSSDCID - 65-024A-03, 65-043A-01, 65-068A-02, 65-104A-01,
65-1)0A-01, 66-020A-01, 66-047A-05, 65-066A-02,
66-081A-06, 66-104A-02

PI - P. D. Lowman, Jr. NASA/GSFC
Brief Description

This experiment was designed to take high-quality color photographs of se!ected land and near-
shore zreas of the earth by hand-held cameras for geologic, geographic, and oceanographic
studies. For Gomini 3-9, a 70-mm Hasselblad 500C camera with a Zeiss Pianar 80-mm £/2.8 lens
was used to obtain the photographs. The Gemini 7 had anothe: Zeiss Sonnar 250-mm £/4.5 lens.
For Gemini 9-12, two cameras were used. (Thus, with these two cameras plus the Hasselblad
camera mentioned above, Gemini 9 had three cameras.) One camera was, a super wide-angle
Hasselblad 70-mm with a Zeiss Biogoi: 38-mm /4.5 lens, and the other one was a specially
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designed Maurer camera with a Xenotar 80-mm /2.8 lens. Haze filters were used on all cameras
to reduce the intensity of blue light scattering from the atmosphere. This experiment was not
formally scheduled on Gemini 3, but useful pictures were taken by the astronauts. Data from this
experiment are available from the EROS Data Center, U.S. Geological Survey, Sioux Falls, SD.
The index of photographs . an be found in "Earth Photographs from Gemini III, IV, and V"
(NASA SP-129) and "Earth Photographs from Gemini VI through XII" (NASA SP-171).

Gemini 3-12, Nagler

Investigation Name - Synoptic Weather Photography
Flown on - Gemini 3-12

NSSDCID - 65-043A-02, 65-068A-03, 65-104A-02, 65-100A-02,
66-020A-07, 66-047A-06, 66-066A-03, 66-081A-07,

66-104A-03
PI - K. Nagler NOAA/NMC
OI - S. Soules NOAA/NWS
Brief Description

The synoptic weather photographs were taken by the same cameras used for the synoptic terrain
photography experiment. Color photographs of selected areas were taken when the spacecraft
were in a nearly vertical position. For Gemini 3-9, a 70-mm Hasselblad 500C camera with a
Zeiss Planar 80-mm f/2.8 lens was used to obtain the photographs. Gemini 7 had another

Zeiss Sonnar 250-mm /4.5 lens. For Gemini 9-12, two cameras were used. (Thus, with these
twn cameras plus the Hasselblad camera mentioned above, Gemini 9 had three cameras.) One
camera was a super wide-angle Hasselblad 70-mm with a Zeiss Biogon 38-mm /4.5 lens, and the
other one was a specially designed Maurer camera with a Xenotar 80-mm £/2.8 lens. Haze filters
were used on all cameras to reduce the intensity of blue light scattering from the atmosphere. This
experiment was not formally scheduled on Gemini 3, but useful pictures were taken by the
astronauts. The photographs are archived at the EROS Data Center, U.S. Geological Survey,
Sioux Falls, SD; the index can be found in "Earth Photographs from Gemini III, IV, and V"
(NASA SP-129) and "Earth Photographs from Gemini VI through XII" (NASA SP-171).

Gemini 3-12, Saiedy
Investigation Name - Cloud Top Spectrometer
Flown on - Gemini 5, §

NSSDC ID - £5-068A-04, 66-020A-04

PI - F. Saiedy U. of Maryland
OI - J. C. Alishouse NOCAA/NESDIS
Brief Description

A hand-held spectrograph was used by astronauts to photograph clouds and, simultaneously, to
record an image of the spectrum of sunlight reflected from these clouds in the wavelength interval
from 0.75 to 0.78 micrometer. The spectra were recorded on high-speed infrared film. The
objective of the experiment was to deduce the cloudtop heights from the absorption of light by the
oxygen A band. which is centered at 0.7619 micrometer. By comparing the radiance at a certain
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wavelength within the band 0.7631 micrometer for low- and medium-level clouds, 0.7606 microm-
eter for high clouds) to the radiance in an atmospheric window outside the band, the transmittance of
oxygen in the atmosphere above the cloud was obtained. (The transmittance of oxygen is a function
of the pressure altitude of the cloud.) The instrument functioned well and was operated properly.
Twenty-six good photograph-spectrograms were obtained by Gemini 5. No data were obtained by
Gemini 8 due to an early termination of the flight.

Gemini 3-12, Brentnall

Investigation Name - Space Object Radiometry

Flown on - Gemini 5, 7

NSSDC ID - 65-068A-06, 65-100A-05

PI - B. Brentnall NOAA/NMC
Brief Description

The space object radiometry experiment was designed to study the spectral irradiance from numer-
ous earth and atmospheric objects at wavelengths from 0.2 to 15 micrometers. The instrumen-
tatior. consisted of two interferometer spectrometers and a multichannel spectroradiometer, each
with a 2-deg field of view. This same instrumentation was used in experiment 65-068A-05 to
study celestial subjects. The radiometer system consisted of a 0.2- to 0.6-micrometer band photo-
multiplier tube, a 1- to 3-micrometer band lead sulfide detector, and a 4- to 15-micrometer band
bolometer detector. One spectrometer was a dual channel instrument patterned after the Michaelson
Interferometer. It consisted of a lead sulfide detector (1 to 3 micrometers) and a bolometer detector
(3 to 15 micrometers) that provided correlative information to the two similar channels of the spec-
troradiometer. The other interferometer spectrometer utilized a mercury-doped germanium detector
that operated in the 8- to 12-micrometer range. It was cooled with liquid neon to maintain a tem-
perature of -397 deg F for approximately 15 h. Some data from the experiment were stored on the
spacecraft. Real-time FM data were telemetered to selected ground statiorz. Measurements of
nighttime IR radiation were obtained from water, cloud tops, various tyr. ¢ of terrain and ground
cover, and several missile launches. Although there were mechanical problems during both mis-
sions, 3 h and 10 min, and 3 h and 11 min of data were gathered, respectively.
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GEOSTATIONARY METEOROLOGICAL SATELLITE PROGRAM (GMS)

The GMS program consisted of three geostationary spin-stabilized satellites stationed near 140 deg
E longitude. The first was launched in 1977, the second in 1981 as a replacement, and the third in
March 1984. The GMS satellites originated as Japan's contribution to the international Global
Atmospheric Research Program (GARP) and to the World Weather Watch (WWW), and they
occupied one of the five longitudinal positions defined for the program. A major objective of
GARP was to obtain synoptic global data sets for use in research directed toward meteorological
modeling improvement. The GMS are similar in configuration and instrumentation to the other
four geosynchronous satellites in GARP. Other participants were the European Space Agency
with Meteosat near the prime meridian and NOAA/NASA with SMS/GOES series satellites near
55degE, 75 deg W, and 135 deg W longitude.

The primary instrumentation on the GMS was a Visible and IR Spin-Scan Radiometer
(VISSR) similar to the GOES VISSR, and secondary ones included a weather
communication facility (WEFAX) and a space environment monitor (SEM). Both day and
night IR (10.5 to 12.5 microm-eters) and day visible (0.5 to 0.7 micrometer) radiometric
images of the full earth disk were made by the VISSR at 30-min intervals with a resolution
of about 1 km in the visible channel and 5 km in the IR channel at nadir. Images are used
for cloud-cover iocation, wind determination, and sea surface temperature derivations.
Data and information are available from NASDA, Japan.
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AN NOA R RN NAREAANNRS CMSENNRE N RN A AR NSO XENRA R RN NASDA of Jspan. The spacecraft was turned off in September
1984,

SPACECRAFY COMMON NAME- GMS ——ene-- GMS 2, JMA STAFF.
ALTERNATE NAMES- GEOSTATION.METEOROL.SAT., HIMAWARI
INVESTIGATION NAME- VISIBLE AND INFRARED SPIN-SCAN

NSSDC 1D~ 77-065A RADIOMEIER (VISSR)
LAUNCH DATE~ 07/14/77 KEIGHT- 647, XG NSSDC ID- 81-076A-01 INVESTIGATIVE PROGRAM
LAUNCH SITE- KENNEDY SPACE CENTER. UNITED STATES APPLICATIONS SATELLIYE
LAUNCH VEHICLE- DELTA
INVESTIGATION DISCIPLINE(S)
SPONSORING COUNTRY/AGENCY METEOROLOGY
JAPAN NASDA
UNITED STATES NASA-0SSA PERSONNEL
PI - JMA STAFF JAPANESE METEOROL AGCY
INITIAL ORBIT PARAMETERS
ORBIT TYPE- GEOCENTRIC EPOCH DATE~ 07/17/77 BRIEF DESCRIPTION
ORBIT PERIOD- 1429.4 MIN INCLINATION- 1.2 DEG The Visible and Infrared Spin-Scan Radiometer (VISSR) was
PERIAPSIS~ 35531, KM ALT APOAPSIS- 35779. KM ALT similar to VISSR experiments on other GARP (Global Atmospheric
Research Prosram) satellites such as GOES 1 and GMS. The
PERSONNEL cbiectives were to make observations of the earth cloud cover
PM - N. KODAIRA METEOROL SATELLITE CTR location., land surface tempersture, ses surface temperature,
PS -~ JMA STAFF JAPANESE METEOROL AGCY and cloud top temperature. Jt made both nisht IR £10.5 to 12.5
micrometers} and day IR measurements, plus visible (0.5 to 0.75
SRIEF DESCRIPTION micrometer) photometric observations of the subsatellite area
The Geostationary Meteorological Satellite (GMS) was at 30-min intervals. The visible channel had a resolution of
Japan's  contribution to the international GARP (Global about 1.25 km, and the IR channel had 8 resolution of about 5
Atmospheric Resedrch Program)., One major objective of GARP was km at nadir. Real-time transmission was available to the data
to obtsin synoptic global meteorological d-ts sets for 1 vear's acquisition station in Japan, with additional data transmission
duration (to include two optimized observing pericds of a few to other meteorolesical wusers us needed. Because of optical
weeks each). These data served 8s raw materisl to optimize failure since 1983, the experiment was subsequently replaced by
computer models for meteorological prediction. It was hoped its successor on GMS 3.
that determination could be made of the time limitation for
short-term mo::"ing, This spacecraft was roughly cylindrical RN NN RN RN N AN RN NN Ru GMS SHMAN MM SNI NN NNNNN NN AN NSNS
with a8 heigh. of 45 cm and a disme*er of 216 cm. The
cylindrical surface was covered with solar cells which c¢ould
provide 225 K. The satellite was spin-stabllized with & despun SPACECRAFT COMMON NAME- GMS 3
earth-pointing antenna, The satellite was positioned near 140 ALTERNATE NAMES~ HIMAWARI 3, 15152
des E. Designed to operate for 5 years, the satellite was
turned off in 1981 after ¢ 1/2 years in orbit. NSSDC 1D- 84-08B0A
------ GMS, JMA STAFF LAUNCH DATE- 08/02/84 WEIGHT- 681. KG
LAUNCH SITE- TANEGASHIMA. JAPAN
INVESTIGATION NAME~ VISIBLE AND INFRARED SPIN-SCAN LAUNCH VEHICLE- N-2

RADIOMETER (VISSR)
SPONSORING COUNTRYZAGENCY
NSSDC 1D- 77-065A-01 INVESTIGATIVE PROGRAM JAPAN NASDA
APPLICATIONS SATELLITE
INITIAL ORBIT PARAMETERS

INVESTIGATION DISCIPLINE(S) ORBIT TYPE- GEOCENTRIC EPOCH DATE~ 09/17/84
METEOROLOGY GRBIT PERIOD- 1650.2 MIN INCLINA "10N~ 1.86 DEG
PERIAPSIS~ 35783. KM ALT APOAPSIS- 36340. KM ALT
PERSONNEL
Pl - JMA STAFF JAPANESE MEYEOROL AGCY PERSONNEL
PM ~ Y. ICHIKARA NASDA
BRIEF DESCRIPTION PS - JMA STAFF JAPANESE METEOROL AGCY
The Visible and IR Spin-Scan Radiometer (VISSR) was
similar to VISSR experiments on other GARP (Global Atmospheric BRIEF DESCRIPTION
Research Program) swstellites such @8s GOES 1. The obiectives The Geostationary Meteorological Satellites (GMS) were
were to make observations of the earth cloud cover location, Japan's contribution to the international Global Atmospheric
land surface tempersture., sea surface temperature, and cloud Research Program (GARP 3, The spacecraft was roughly
top  temperature. It made both night IR (10.5 ¢to 12.5 cylindrical with @ helght of 345 cm and a diameter of 216 cm.,
micrometers) and day IR, plus visible (0.5 to 0.75 micrometer) The cylindrical sur.ace was covered with solar cells which
photometric observations of the subsatellite area at 30-min provide 263 W. The satellite was spin-stabilized with a despun
intervals, The visible channel had a resolution of about 1.25 earth-pointing antenna. The satellite was positioned near 140
km and the IR channei had a resclution of about 5 km at nadir. deg E and was desisned to operate for 5 years. This was a
Real-time transmission was available to the data acquisition follow-on GMS type spacecraft launched and controlled by NASDA
station in Japan, with additional data transmission to other of Japan.

meteorological users as needed.

——————— GMS 3. JMA STAFF
OGO 00O 0O O 00BN DA (GMSS 200 P00 00000006060 0 L0 L

INVESTIGATION NAME- VISIBLE AND INFRARED SPIN-SPAN

RADIOMETER (VISSR)
SPACECRAFT COMMON NAME- GMS 2
ALTERNATE NAMES- GEOSTATION.METEORO.SAT.2, HIMAWARI 2 NSSDC 1D~ 84-080A-01 INVESTIGATIVE PROGRAM
APPLICATIONS SATELLITE
NSSDC 1D- 81-076A
INVESTIGATION DISCIPLINE(S)

LAUNCH DATE- 08/10/81 WEIGHT- 65%. KG METEOROLOGY
LAUNCH SITE- TANEGASHIMA., JAPAN
LAUNCH VEHICLE- N-2 PERSONNEL
Pl ~ JMA STAFF JAPANESE METEOROL AGCY
SPONSORING COUNTRY/AGENCY
AN NASDA BRIEF DESCRIPTION
The Visible and Infrared Spin-Scan Radiometer (VISSR) was
INITIAL ORBIT PARAMETERS similar to VISSR experiments on other GARP (Global Atmospheric
ORBIT TYPE- GEOCENTRIC EPOCH DATE- v8/26/81 Research Program) satellites such as GOES 1 and GMS. The
ORBIT PERIOD- 1435.9% MIN INCL INATION- 0.2 DEG objectives were to make observations of the earth cloud cover
PERIAPSIS- 35776. KM ALT APOAPSIS~ 35792. KM ALT location. land surface temperature, sea surface temperature,
and cloud top temperature. It mede both night IR (10.5 to 12.5
PERSONNEL micrometers) and day IR measurements. plus visible (0.5 to 0.75
PM - N. KODAIRA METEOROL SATELLITE CTR micrometer) photometric observations of the subsatellite area
PS - JMA STAFF JAPANESE METEOROL AGCY at 30-min intervals. The visible chanrel had a resclution of
about 1.25 km. and the IR channel had a resolution of about §
BRIEF DESCRIPTION km at nadir. Real-time transmission was available to the data
The Gaostationary Meteorolosical Satellites (GMS) were acquisition station in Japan, with additional jata transmission
Japan's contribution to the international Global Atmospheric to other meteorological users as needed.
Ressarch  Proaram  (GARP). The spacecraft was roushly

cylindrical with a heisht of 345 c¢m and a diameter of 216 cm,
The cvlindrical surface was covered with solar cells which
provided 225 M. The satelli:e was spin-stabilized with a
despun earth-pointing antenna, The setellite was positioned
near 140 des E and was desisned to operate for 5 vears. This
was a follow-on GMS typs spacecrsft launched and controlled by
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GEOSTATIONARY OPERATIONAL ENVIRONMENTAL SATELLITE/
SYNCHRONOUS METEOROLOGICAL SATELLITE (GOES/SMS)
SYSTEM §

The GOES/SMS system of satellites is part of the National Operational Meteorological Satellite
System (NOMSS) that was originally funded by the Uniied States in September 1961 to provide
continuous cloud-cover observations. In 1970 a contract was awarded to Philco-Ford, Inc. (now
Aeronutronics Ford, Inc.) for the production of three satellites, using the NASA Applications
Technology Satellites ATS 1 and ATS 3 as a basis for design. Two of the three satellites were
commissioned by NASA and were called Synchronous Meteorological Satellites (SMS); the third
and subsequent satellites were ordered by NOAA and were termed Geostationary Operational
Environmental Satellites (GOES). Since the launch of SMS 1 in May 1974, these satellites have
provided continuous meteorological observations over the Western Hemisphere.

SMS 1 and GOES 1, 2, and 3 had been critical in the continuing success of the Global Atmos-
pheric Research Program (GARP). SMS 1 was originally located at 45 deg W for support of the
GARP Atlantic Tropical Experiment (GATE). Upon completion of GATE, the satellite was moved
by NOAA to 75 deg W for operational observations of the eastern U.S. and the Atlantic Ocean.
GOES 1 was originally positioned at 75 deg W but was moved to 55 deg E longitude in
November 1978, to provide Indian Ocean coverage in support of the First GARP Global
Experiment (FGGE), a joint project under the auspices of the World Meteorological Organization
(WMO) and the International Council of Scientific Unions (ICSU). Together with Japan's
Geostationary Meteorological Satellite (GMS) and Europe's Meteorological Satellite (Meteosat),
GOES 1, GOES 3 (the west coast sateilites), and GOES 2 (the east coast satellite) provided global
coverage from approximately 60 deg N to 60 deg S for FGGE between November 1978 and
November 1979.

Since then, more GOES satellites have been launched to maintain an operational, two-satellite sys-
tem. GOES-East is located near 75 deg W and GOES-West is positioned near 135 deg W. A third
satellite, GOES-Central, is located near 107 deg W and is used for weather facsimile broadcasts.
Table 7 shows the current and past operational locations, and the current status of the GOES/SMS
satellites.
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Year
1975
1976
1977

1978

1979

1980

1981

1982

1983

1984

Legend:
SS

MM

TABLE 7

SMS/GOES LOCATIONS 1975-1964

15 deg W
S1(01-12)75
G1(01-12575

G1(01-08)75
G2(08-12)75

G2(01-12)75

S51(02-09)69-75
S2(04-12)75
G2(01)75
S2(01-12)75

S2(01-07)75
G5(08-12)75

G5(01-12)75

G5(01-12)75

G5(01-12)75

SS(MM)LL

Satellite

Approximate Longitudes

90 deg W

S1(08-10)105

G1(03-08)89-90
G4(09-12)98

G3(01-12)89-91

G3(01-12)91

G3(01-08)91

(52=SMS 2, G4=GOES 4, cic.)

Months on that location
(01=Jan., 02=Feb., ctc.)

Longitude

GOE-4

110 deg W
S2(03-11)105
$1(02-12)105
S1(01-12)105

S1(01-07)105
S2(07-12)110

G2(01-12)100-110

G2(01-12)105-110

G2(01-12)107

$2(04-07)107
G2(01-12)106

G2(01-12)106-107

G2(01-12)107-114
G6(08-12)97-108

135 deg W

S2(01-12)135
S$2(01-12)135

S1(04-06)135
S2(01-03)135
G3(07-12)135

G3(01-12)135

S1(03-12)130
G3(01-12)135

G1(01-12)126-131
G3(01-03)135
G4(03-12)135

G1(01-12)117-130
G4(01-12)135

G1(01-12)129-130
G4(01-12)135-140
G6(05-12)135

G1(01-12)130
G4(01-12)138-139
G6(01-07)135

3




The GOES/SMS spacecraft were cylindrical and weighed 578 kg (1384 1b) at launch. Spacecraft
were placed in a geosynchronous orbit at about 35,800 km (19,318 nautical miles). The spacecraft
were controlled for proper earth imaging by an attitude control subsystem, which maintained the
spin rate at 100 rpm and aligned the spacecraft spin axis parallel to the earth's polar axis so that
spacecraft spin accomplished the scan function required for imaging.

These spin-stabilized spacecraft carried (1) a Visible-IR Spin-Scan Radiometer (VISSR) to provide
high-quality, day/night cloud-cover daxa and to provide radiance temperatures of the
earth/atmosphere system; (2) a Space Environment Monitor (SEM) to measure proton, eiectron,
and solar X-ray fluxes and magnetic fields; and (3) a meteorological Data Collection System (DCS)
to collect and distribute environmental data measured from remote data collection platforms. This
DCS also relayed processed data from central weather facilities to small APT-equipped regional
stations. Later spacecraft configurations (beginning with GOES 4) carried an improved version of
the VISSR, the VISSR Atmospheric Sounder (VAS), which had an acdded capability for atmo-
spheric sounding.

The VISSR was a two-channel scanning radiometer. The visible channel (0.55 to 0.75 microm-
eter) scanned with eight detectors to provide a resolution of 900 m at nadir. The IR channel (10.5 to

12.5 micrometers) provided resolution of 9 km at nadir and measured radiance temperatures between

180 deg and 315 K to a thermal resolution of better than 1.4 K. A full scan cycle required
20.2 minutes. The VAS capability provided IR radiance observations at 12 wavelengths between

3.9 and 14.7 micrometers, and added two imaging modes and a sounding mode to the VISSR. The

VAS also made possible IR resolution of 6.9 or 13.8 km in the imaging modes, and 13.8 km in the
sounding mode. Meteorological parameters derived from the VISSR include cloud cover, earth/
cloud temperatures, cloud tvre, cloud-motion derived winds, and stereo-derived cloudtop heights.

Parameters added from the VAS capability include, for clear and partly cloudy areas, (1) water vapor

fields, (2) temperature fields, (3) improved surface temperatures, (4) improved cloud type speci-
fication, and (5) temperature/moisture profiles. For cloudy areas, cloud type identification is
improved. The VAS improvement for VISSR is an experimental effort by NASA/GSFC, and work
is presently in progress to adapt the new capabilitics of VAS to operational applications.
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Spacecraft Name - SMS 1, 2; GCES 1-6

S/C Alternate NSSDC Launch Incl. Perig. Apog. Pd.
Name D Date (deg)  (km) (km)  (min)
SMS1 SMS-A 74-033A 05/17/74 1.9 32345 35439 1340

SMS2 SMS-B 75-011A 02/06/75 1.0 35778 35799 1436
GOES1 GOES-A  75-100A 10/16/75 1.0 34165 36458 1412
GOES2 GOES-B  77-048A 06/16/77 0.9 35266 36304 1436
GOES3 GOES-C 78-062A 06/16/78 1.7 35469 36679 1450
GOES 4 GOES-D  80-074A 09/09/80 0.2 35776 35800 1436
GOES S GOES-E  81-049A 05/22/81 0.3 35715 35769 1434
GOES 6 GOES-F  83-041A 04/28/83 0.3 35775 35796 1436
GOES7 GOES-H 87-022A 02/26/87 0.2 35788 35788 1440
S/C PM PS
SMS 1,2 T. J. Karras W. E. Shenk
NOAA/NESDIS NASA-GSFC
A. Butera
NOAA/NESDIS
D. V. Fordyce (Retired)
NASA/GSFC
GOES 1-3 G. W. Longanecker W. E. Shenk
NASA/GSFC NASA-GSFC
R. H. Pickard (NLA)
NASA/GSFC
D. V. Fordyce (Retired)
NASA/GSFC
GOES 4-6 G. W. Longanecker W. E. Shenk
NASA/GSFC NASA-GFSC
R. H. Pickard (NLA)
NASA/GSFC

Brief Descripiion

The Synchronous Meteorological Satellite (SMS) and the Geostationary Operational Environmenqal
Satellites (GOES) were geostationary and spaced in longitude over the equator to provide near-
continuous, timely, high-quality observations of the earth and its environment. SMS 1 and 2 were
developed by NASA, and follow-on spacecraft GOES 1-6 were funded by NOAA. Each spin-
stabilized, earth-synchronous spacecraft carried three experiments: (1) a Visible Infrared Spin-scan
Radiometer {VISSR), or 1 VISSR Atmospheric Sounder (VAS), (2) a meteorological Data
Collection System (DCS), and (3) a Space Environment Monitor (SEM) system containing an
energetic charged particle monitor, a magnetometer, and a solar X-ray monitor. The cylindrically
shaped spacecraft measured 190.5 cm in diameter and 230 cm in length, exclusive of a
magnetometer that extended an additional 83 cm beyond the cylinder shell. The primary structural
members were a honeycombed equipment shelf and thrust tube. The VISSR telescope was
mounted on the equipment shelf and viewed the earth through a special aperture in the spacecraft's
side. A support structure extended radially from the thrust tube and was affixed to the solar
panels, which formed the outer walls of the spacecraft and provided the primary source of electrical
power. Located in the annulus-shaped space between the thrust tube and the solar panels were
station keeping and dynamics control equipment, batteries, and most of the SEM equipment. The
spacecraft spun at approximately 100 rpm with a spin axis nearly perpendicular to the equatorial
plane. The spacecraft used both UHF-band and S-band frequencies in its telemetry and command
subsystem. A low-power VHF transponder provided telemetry and command during launch and
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then served as a backup for the primary subsystem once the spacecraft had attained synchronous
orbit. The satellites were relocated from time to time to support specific programs or to replace one
that was failing. SMS 1 was initially located at 45 deg W to support the Global Atmospheric
Research Program (GARP) Atlanidc Tropical Experiment (GATE). After completion of GA? in
September 1974, it was moved to 75 deg W. The follow-on spacecraft joined the SMS * « -
ate at 75 deg W and 135 deg W, which were knowr: as GOES-East and GOES-West,n = . i,
During the FGGE (First GARP Global Experiment) Operational Year, December 1978
November 1979, the GOES-East coverage was provided by GOES 2, SMS 1, and SMt * 13
GOES-West coverage was provided by GOES 3. GOES 1 served as the GOES-Indian ai > - ;
during May-August 1979. Beginning in 1979, a Weather Facsimile (WEFAX) experimental sc. -
vice was provided by a satellite located at 107 deg W, which was known as GOES-Central. This
service used earlier GOES spacecraft that were 0 longer suitable for imaging to retransmit GOES
image sectors to ground receivers.

GOES 1-7, SMS 1, 2, NESDIS Staff:
Investigation Name - Visual Infrared Spin-Scan Radiometer
(VISSR)

Flown on - $MS 1,2; GOES 1-3

NSSDC ID - 74-033A-01, 75-011A-04, 75-100A-01, 77-048 A-01, 78-062A-01

PI - NESDIS Staff NOAA/NESDIS
OI - W. E. Shenk NACA/GSEC
Brief Description

The Visible Infrared Spin-Scan Radiometer (VISSR) provided day/night observations of cloud
cover and earth/cloud radiance temperatures for use in operational weather analysis and forecast-
ing. The two-channel instrument was able to take both full and partial pictures of the earth's disk.
The infrared channel (10.5 to 12.6 micrometers) and the visible channel (0.55 to 0.70 micrometer)
used a common optics system. Incoming radiation was received by an elliptically shaped scan
mirror and collected by a Ritchey-Chretien optical system. The scan mirror was set at a normal
angle of 45 deg to the VISSR optical axis, which was aligned parallel to the spin axis of the space-
craft. The spinning motion of the spacecraft (approximately 100 rpm) provided a west-to-east scan
motion when the spin axis of the spacecraft was oriented parallel with the earth's axis. The latitu-
dinal scan was accomplished by sequentially tilting the scanning mirror north to south at the com-
pletion of each spin. A full picture tcok 18.2 min to complete and about 2 min to retrace. During
each scan, the field of view on the earth was swept by a linear array of eight visible-spectrum
detectors, each with a ground resolution of 0.9 km at nadir. Two Hg-Cd-Te detectors (redundant)
sensed the infrared portion of the spcctrum with a horizontal resolution of approximately 9 km at
nadir. The infrared detectors measured radiance temperatures between 180 and 315 K, with a sen-
sitivity of 1.2 K at 200 K. The VISSR output was digitized and transmitted to the National
Oceanic and Atmospheric Administration (NOAA) Command Data Acqmsmon (CDA) Station,
Wallops Island, VA. There the signal was fed into a "line stretcher" where it was stored and time-
stretched for transmission back to the satellite at reduced bandwidth for rebroadcast to data utitli-
zation stations (DUS). The VISSR data, as with all operational type data, were handied by
NOAA, and the majority of data were archived by SDSD. NSSDC also has the data processed by
the Image Processing Facility, NASA/GSFC. A more detailed description can be found in "The
GOES/SMS User's Guide," available from NSSDC and SDSD.
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----- GOES 1-7, SMS 1, 2, NESDIS Staff .

Investigation Name - VISSR Atmospheric Sounder (VAS)
Flown on - GOES 4-7
NSSDC ID - 80-074A-01, 81-049A-01, 83-041A-01, 87-022A-01

PI - NESDIS Staff NOAA/NESDIS
OI - W. E. Shenk NASA/GSFC
Brief Description

The Visible Infrared Spin-Scan Radiometer Atmospheric So....der (VAS) operated in three distinct
modes to provide parameter flexibility, spectral band selection, geographic location, and signal-to-
noise (S/N) ratio. The VAS had the original VISSR imaging capability plus additional thermal
bands in H2O and CO2 absorption regions for the determination of water vapor and temperature
profiles. The VISSR mode was the same as the VI®SR system on board GOES 1-3 except that the
FOV for the VAS infrared imaging was 6.9 km. The dwell-s. "nding mode used up to 12 spectral
filters in a wheel covering the range 678.7 per cm (14.74 micrometers) through 2535 per cm

(3.94 micrometers) positioned into the optical train while the scanner was dwelling on a single
N-to-S scan line. The filter wheel could be programmed so that each spectral band filter could
dwell on a single scan line for from O to 255 spacecraft spins. Either the 6.9-km or 13.8-km
resolution detectors could be selected for the seven filter positions operating in the spectral region
701.6 per cm (14.25 micrometers) through 1487 per cm (6.725 micrometers). For the remaining
five spectral bands, the 13.8-km resolution detectors were used. Selectable frame size, position,
and scan direction were also programmable via ground command. For the VAS demonstration,
10-bit reduced resolution (3.5-km) visible data were provided for imaging. In some of the spectral
regions, multiple-line data were required to enhance the S/N ratio. Typically, 167 satellite spins at
the same N-to-S scan line position were required to obtain the desired sounding data with a

30-km x 30-km resolution. The multispectral imaging (MSI) mode could provide either (1) four
spectral channel observation (the visible at 0.9-km resolution, the 11-micrometer window at 6.9-
km resolution, and any two selected spectral bands at 13.8-km resolution), ot (2) five spectral
channel observation (the visible at 0.9-km resolution and any four infrared spectral channels at
13.8-kni resolution). Unlimited N-to-S frame size and position selection, within the maximum N-
to-S FOV scan direction, could be selected. The VAS output was digitized and transmitted to the
NOAA Command Data Acquisition (CDA) Station, Wallops Island, VA. There the VISSR data
were fed into a "line stretcher,” where the data were stored and time-stretched for transmission
back to the satellite at reduced bandwidth for rebroadcast to APT user stations. Data can be
obtained through SDSD.
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INDIAN SATELLITE (INSAT) PROGRAM

The operational INSAT 1 satellite program was designed o be a two-spacecraft system that con-
sisted of three-axis-stabilized spacecraft located in geostationary orbit near 74 deg E and 94 deg

E longitude with a host of ground stations throughout India. The objective of the niissinis was to
provide a combined telecommunications, direct TV broaccast, and meteorological service to India’s
civilian comr..anity over a planned seven-year, in-orbit lifespan. The ielecommunications and TV
packages provided two-way, long-distance tele phone circuits and direct radio and TV broadcasting
1o even the most remote areas of India.

The meteorology package was compos 4 of a scanring, two-channel, Very High Resolution
Radiometer (VHRR) to provide f